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MYOCAlIDlTiS'- 

B. J. Cemvsok, M.D. 
i\IlKKEAPOElS, ]\IlXK. 

I N HEARTS showinp: tlio difloroiU lyijcs ol cardiac failure, areas of 
fibi’O.sis of varying degrees may not infrequently he found. Tliere is a 
difference of opinion concerning the origin of these fibrotic areas. 
Some obsei’vers consider tlicm to be tlie rc.snlt of inflammation, ■while 
others look upon a greater part, of the fibrosis as a result of myocardial 
anemia following a narrowing of the coronary arteries. 

Cardiac failure with essential hypertension, old valve defects, coro- 
naij sclerosis, coronary thrombosis, toxic myocardium, and syphilitic 
aortitis is commonly diagnosed acute or chronic myocarditis without 
regard to the pathological condition of the heart. 

The purpose ot this paper is to study the character, origin, fre- 
quency, extent, and result of the myocardial injuries manifested 
anatomically in tlie various forms of cardiac failure in order to de- 
termine wliether clinically a diagnosis of acute or clironic myocarditis 
should be made. 

In studying these hearts the term myocarditis is used onlv where 
an inflammatory process in the heart muscle is made evident by an 
exudative or proliferative cellular reaction. 


.MATERIAL 

BUuly oj the myocardimu waa 
made m 429 cases of cardiac failure. The followiiii; ontlmc shows 

eterstadW ■" »'■ 

A. Endocarditis 

1. Acute rlieumatie 

2 . Eecurrent riicuin.atic ' 

3. Subacute bacterial 

4. Old valve defects 

1” ma Mlnnceola, Minneapolis, Minn. 

Ameiican Heart Association at Minneapolis. June 
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J ])i]’t.y-.s(‘vo)i oj llic liyjx'rIcn.siAv? li(*;irt.s live in flic* ffronp in Avliicli 
doalh oceiirrcd snddnnly rroni a narrowing or lliroinbosi.s oi’ tlie coro- 
nary arteries. On llie avi'rafre, ahotif 7b jier cent of all patients dying 
iroin coronary seh'rosis liavi* a Iiigli blood picssnre, as indicated by 
tlie clinical history or by the size of the heart observ(*d at nc'ci'opsy. 
The non-hypertensive cases with coronary sclerosis show a condition 
in the inyocardiuin similar in all respects to that round in the myo- 
cardium in the ease's with high blood juv’ssure, with the (*xc(*ption oi’ 
hyi)ertrophy. 


The myocardium was examined for gross and microscopical evi- 
dences oi intlammation and fibrosis. 'J'hc extent oi narrowing oi the 
coi’onary arteries irom iutimal thickening was carefully noted, espe- 
cially in the cases in which clinically there were symjAtoms oi coro- 
nary disease. J''ive blocks irom A'arious places in the myocardium 
were studied in each case. iMuch allenlion was given to the tyi)e and 
degree oi inflammation, whether it was ('xudative or proliferative in 
chaiacter. or arrangeri in localized areas to form abscesses or Aschoff 
bodies. Diff'use exudative or prolii(*ra1ive intlammation was also care- 
fully looked for. The condition of the myocardium immediately sur- 
roundijig the medium-sized blood vessels was carefully studied to 
determine whether or not peri-arterial .scars wi're jiresent. Such scans 
are commonly found in hearts in which tlu're has been a previous 
rheumatic inflammation. It has been i)ointed out by various observers 
that the rheumatic inflammation generally occurs near, and often sur- 
rounding. blood vessels. When healed, the area about these vessels 
remains in tin* form of sears similar to those resulting from prolif- 
erative inflammation in heart valves or in any other ])ai-t oi the body. 


The material studied in this {lajAer can be placed in two groups. 
The first group includes the cases Avhich result irom inflammation, 
such as the various types of endocarditis (rheumatic, bacterial, and 
.syphilitic) and the adherent jAericardium. The second group includes 
the cases oi cardiac failure following increased blood jire.ssure, either 
systemic or pulmonary, and the cases where death resulted from a 
narrowing of the coronary arteries. 

A detailed descri])tion of the myocardium in the various conditions 
a.s.sociated Avitli cardiac failure is given under the following headings: 

AcAiic Bhcuwaiic Evdocardifin . — Death immediately associated with 
acute rheumatic fever is oi infrequent occurrence and for that reason 
the study of the myocardium in a large series has not been made. It 
is evident, however, that this is one oi the conditions in which acute 
myocarditis is found. Table I shows the typo and frequency of inflam- 
mation in the 30 eases of acute rheumatic endocarditis Avhich came to 
necropsy. It is seen that the Aschoff body is one of the outstanding 
evidences of inflammation. The Aschoff nodule is a localized area of 
inflammation mostly proliferatiA^e in character; but at times poly- 
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inorpliomieleai- liMieocyios, lyiiipliocyles, plasma cells, and cosinophiles 
111 varyiiif' numboi-s arc in-cscnl. The anatomy of these nodules has 
Imen described liy AsehoiV,' ('teij.el,^- Coombs/' Fraenkel' and others. 
r>y many these nodules are considered S])ccitic for the virus produciiif? 
iheumafie lever. 'Ibis, as is shown later in studying other types of 
cardiac disease, does not. ajipear always to be the case. The Aschotl' 
bodies in varying numbers and varieties are jiresent in 21 (70 per cent) 
of the :5() cases of acute rheumatic endocarditi.s. I'Vaenkel,' one of 
the ('ai’liest, obs(>rvers oj the -Ascho/V nodules, found them present in 
tiie myocardium in .1 1 (.So )»er cent) of 20 cases examined. Ijibniaiv' 
found them in IS (22 ])er cent) of bC cases and Thayer'' in 22 (88 per 
cent) of 2") eases. 

In LS (00 per cent) of the 80 cases studied in this paper there was 
an irregular prolilerative intlainmation with a cellular reaction simi- 
lar to that. Jound in the Aschon* nodule. This type of inflammation 
occurs as a rule in the interstitial tissues, as does the Ascholt body. 
A arions forms of largo*, clong'atcd. irrcg’iilar mononuclear and multi- 
nucleated cells iiavingr vesicular nuclei and basojihilic cytoplasm are 
found in this diiruse and irregularly arranged proliferative inflamma- 
tion. Cellular exudates similar to those found in the Aschoff bodies 


arc also commonly piTscut. 

Abscesses as a rule are rare in the myocardium in cases of acute 
rluMunatic endocarditis. In one of the 7 cases studied. GeipeP found 
abscesses and considered their presence the result of a secondary in- 
fection with staphyloeoeei. although he does not re])ort detecting 
these organisms by either staining or cultural methods. Ab.sce.ssc.s 
as well a.s Asehofi' nodules in large numbers wei-e ])re.sont in 2 (6.5 per 
cent) of the 80 eases. These two eases Avero typical clinical and ana- 
tomical examples of acute rheumatic endocarditis with pericarditis. 

Active inflammation indicated by Asehofi' bodies, irregular prolif- 
erative inflammation, or abscesses was present in 24 (SO per cent) of 
the 30 cases of acute rheumatic endocarditis. 

itiyocarditis, acute in character, is of common occurrence in cases 
of acute rheumatic endocarditis. The myocarditis shows a great ten- 
dency to surround vessels. It is generally proliferative in character 
and may leave areas of myocardial fibrosis, the extent of Avhich may 
be determined by studying the myocardium in eases of old A’ah'C de- 
fect. The acute myocarditis may bo at times so extensive as to be 
con.sidered a fad or in bri3iging about myocardial failure, but it evi- 
dently is not of great importance in producing cardiac failure, since 
death so seldom occurs in acute rheumatic endocarditis. Death imme- 
diately associated Avith acute rheumatic fever comprises only about 
2 per cent of the total cardiac failures. 

Bccurrcni Fheninatie Endocardii is.— This group includes cases Avhieh 
have had repeated attacks of acute rheumatic endocarditis and at 
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necropsy show Uie verrucous rlieuma<ic vofrciiilious upon previously 
Ihickened valves. 

The frequenev of aculo myocarditis in the 20 cases of recurrcnl 
rheumatic endocarditis in the scries is shown in Table 1. The types 
and character of inflammation are similar to those Jound in the cases 
of acxitc rheumatic endocarditis. Ahsce.sses, however, are not found. 
Active inflammation, jiresent in 10 (On ]icr cent) of the 20 cases, is 
slightly loss frequent in tlu^ recunauit. than in tin* acute iheumatic 

cases. 



Fis. 1. — A peri-.^rterlal scar .sIiowIiik the cellular remains of .a pi-ollfcratlvo In- 

llammatlon. 


Subacute Bacterial Endocardith . — ^'Tlie frequency and character of 
active inflammation and its end-result, the scar, arc shown in Table I. 
It is not the purpose of this paper to enter into a discussion of the eti- 
ology of rheumatic fever, yet it is of interest to observe the similarity 
of the type of reaction found in the myocardium in acute rheumatic 
endocarditis to that in .subacute bacterial endocarditis and the I’cla- 
tive frequency of this inflammation in both cases. It appears from 
Table I that the character of the inflammation found in the mj^o- 
caidium cannot be used absolutely as a means of differentiation be- 
tween acute rheumatic endocarditis and subacute bacterial endo- 
carditis. 
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III the 60 eases of subacute bacterial endocarditis ixi which the 
ixiT oeax’dijHXj was studied, Aschoff iiodules iveve present in varying 
mimbei's in 27 (45 per cent). Oftejj they would not hare been detected 
if seveial sections liad xiot been carefully exaxnined. Irregulai’ pro- 
liferative inflammation was present in 36 (60 per cent). 

One outstanding point to be noted in the myocardium in cases of 
subacute bacterial endocarditis is tlie higli pereexitaue of abscesses. 
They are found in 13 (21.5 per cent) of the 60 eases "examined. The 
greater frequency of abscesses in subacute bacterial endocarditis than 
in other forms of endocarditis evidently results from the lodging in 
the myoeai'diuni of infected ejnboli from the valves. 



Fig'. 2. — A peri-arterial scar ■with part of an Aschoif nodule. 


Active inflammation of the myocardium represented by one or more 
of the described types was present in 44 (73.5 per cent) of the 60 cases. 
This frequency compares well with that found in acute rheumatic 
endocarditis. The type of sear in the myocardium in subacute bacte- 
rial endocarditis is characteristic. It is located for the most part im- 
mediately around the medium- and small-sized blood vessels and is 
spoken of as peri-arterial fibrosis. In most cases cellular remains of 
proliferative inflammation can be seen (Fig. 1). It is not uncommon 
to find Aschoff nodules or parts of nodules within the scars (Fig. 2). 
The remaining cells of these nodules have laid down collagenous fibers. 



CLA\VSON ; MYOCARDITIS 


7 

The scar is obviously the result of rheumatic peri-arterial inflammatiou 
either in diffuse or nodular arrangement. Such scars never become 
severe but are large enough to indicate a previous peri-arterial infec- 
tion. They differ from the scar associated u'ith coronary disease in 
showing a more definite and immediate relation to the blood vessels 
and in most cases in showing some cellular proliferative or exudative 
reaction. These inflammatory scars are rarely seen in the myocardium 
in acute rheumatic endocarditi:?, since apparently the inflammation 
has not had time to form scars, but appears as active peri-arterial 
inflammation. The fate of the Aschofl! nodule and the diffuse rheu- . 



Fiff. 3. A scar from atrophy of muscle abers with replacement by connective tissue. 

matic proliferative inflammation upon healing is to form scars gener- 
ally peri-arterial in arrangement and as a rule not A'ery extensive. 

The peri-arterial scar indicating a previous peri-arterial myocai’- 
ditis is especially conspicuous in the myocardium in cases of subacute 
bacterial endocarditis. All transition stages may be seen from the 
active peri-arterial myocarditis, often containing Aschoff' bodies, to 
the fully formed peri-arterial scars. These scars were found in 38 
(63.5 per cent) of the 60 cases examined. 

Evidence of inflammation, either active or healed, was found in 53 
(88.5 per cent) of the 60 cases. It is to be noticed that myocarditis 
IS even more frequent in subacute bacterial endocarditis than in acute 
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or recurrent rheumatic eu do carditis. It seems reasonable that this 
should be so since an active infection is present over a longer period of 
time. Real chronic myocarditis is found in the myocardium in cases 
of subacute bacterial endocarditis in a higher percentage than in any 
other cardiac condition which we have observed. The injui’y to the 
myocardium in many eases of subacute bacterial endocarditis is to be 
considered a factor in the ear’diae failure. 

Old \alvc Defects . — Tlie frequency and types of myocardial inflamma- 
tion in 68 cases whci'e death resulted from old valve defects are shown in 
Table I. The Aschoff nodule was found 9 times (13 per cent). In 14 
(20.5 per cent) there was irregular proliferative inflammation. Ab- 
see.sses wore not found in any. Active inflammation including all 
types was present in 15 (22 per cent). Peri-arterial scans, indicating 
a healed peri-arterial inflammation, were seen 36 times (53 per cent). 
It is to be noted that the .scars are not as frequent as in the eases 
with .subacute bacterial endocarditis. An active inflammation prob- 
ably was not present over as long a period of time. 

Evidence of inflammation, active or healed, was present in 36 
(53 per cent) of tiic 68 cases. Except in one case the extent of this 
inflammation and fibrosis Avas .sliglit and apparently had had little 
or no influence in bringing about the cardiac failure. The degree 
of coronary sclerosis ivas so slight, ndien present at all, that it ap- 
pears evident that the myocardial fibrosis did not result from nar- 
roAving of the coronary arteries as it so commonly does in patients 
dying from coronary sclerosis. 

In summarizing the facts concerning the injury found in the myo- 
cardium in the various forms of rheumatic and bacterial Amlvular 
diseases, it may be said that acute myocarditis is of common occur- 
I'ence in acute rheumatic endocarditis (80 per cent), in recurrent rheu- 
matic endocarditis (65 per cent), and in subacute bacterial endocarditis 
(73.5 per cent) ; but that it is most common in the acute rheumatic 
form. Acute myocarditis is only relatively frequent in eases of cardiac 
failure from old valve defects (22 per cent). Chronic myocarditis in 
the form of the peri-arterial scar occurs commonly in eases of sub- 
acute bacterial endocarditis (61.5 per cent) and in cases of old valve 
defects (53 per cent). Evidence of myocarditis, acute or chronic, is 
found more frequently in subacute bacterial endocarditis than in any 
other form of cardiac failure (88.5 per cent). The relative frequency 
of acute and chronic myocarditis in the aboAm forms of endocarditis 
should be kept in mind in making clinical interpretations. 

Adherent Pericardium . — The myocardium in cases in AAdiieli death 
results from adherent pericardium sIioaa-s practically the same condi- 
tion as is found in the myocardium in old valve defects. Most cases 
of adherent pericardium also have defective valves. The cause in both 
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conditions is evidently a previous riieuinatie infection. The degree of 
injury in the myocardium with an adherent pericardium, as indicated 
anatomical change, is slight and evidently not the cause of the 
cardiac failure. 

Sypluhiic Aorhiis . — Death from syphilitic aortitis represents about 
10 per cent of all cardiac deaths. As in most other forms of valve 
defect, the chief change to be noted in the myocardium is hjqierti’ophy. 
Ihe myocardium was studied in 106 cases of syphilitic aortitis. Based 
upon the clinical course and the pathological conditions at necropsy 
these ca.ses may be divided into three groups. 

1. Aortic insufficiency, 46 eases (43.5 per cent). 

2. Sudden death from closure of coronarj^ orifices, 25 cases (23.5 
per cent). 

3. Rupture of aortic aneurysm, 35 cases (33.0 per cent). 

In group I, where doatli results from aortic in.sufficiency, marked 
myocardial hyjiertrophy is noted. The condition of the coronary arter- 
ies and myocardium was studied in 46 cases of this group (Table II). 
Severe pro.xiinal coronary sclerosis was noted in one and slight proxi- 
mal coronary sclerosis in 8. The coronary arteries showed evidence 
of senile sclerosis in but 9. Injury to the coronary arteries in syphilitic 
aortitis is unusual except at their orifices in the root of the aorta. Slight 
myocardial fibrosis of the atrophic tyjie was present in 9 eases. By 
the atropliic type of myocardial fibrosis is meant a fraying out of the 
muscle fibers and a replacement Avith connective tissue (Pig. 3). In 
37 cases (80.5 per cent) of this group no coronary sclerosis or atropliic 
myocardial changes Avere noted. In only 3 of the 46 eases (6.5 per 
cent) could .small areas of proliferatiA'e inflammation be detected. 
These proliferatiA'c inflammatory areas Avere eAudently due to syph- 
ilitic infection and Avere of so sliglit extent that it Avould seem they 
had little to do Avith the cardiac failure. 

In Group II, Avhere death resulted suddenly from narroAving of the 
coronary orifices, 25 eases Avere studied (Table II). Coronary sclero- 
sis to a slight extent Avas found in only 3 of the 25. In the remaining 
22 (88 per cent) the coronary arteries appeared normal except at 
their orifices in the aorta. Slight myocardial fibrosis of the atrophic 
type occurred in only 2 of the 25 cases. In 23 (92 per cent) there 
Avas no indication of myocardial injury folloAving proximal coronaiy 
narroAving. In 4 (16 per cent) small areas of proliferative inflamma- 
tion Avith lymphocytes Avere detected. In this group the myocardium 
in all but a feAV cases sIioavs no anatomic change except the hypei- 

trophjL , . . 

In Group III, or in the cases of syphilitic aortitis in Avhich deatli 

resulted from a rupture of a syphilitic aortic aneurysm, 35 cases were 
studied (Table II). No coronary narroAving or myocardial fibrosis o 
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the atrophic type Avas found in any of these 35 hearts. Small areas of 
proliferathm inflammation Avere fonncl in 4: (11.5 per cent). As in the 
other groups the’ myocardium shoAA'.s little anatomical change. 

It seems eAudent that, ei'en in a slight degree, myocarditis Aidth 
syphilitic aortitis is rare and that deatli, except in a fcAA" cases AA'ith 
myocardial gummas, is seldom if eimr due to a myocardial inflamma- 
tory condition or to scars resulting from inflammation. 

Sypo’tcnsivG JScci^'ts. — This is the type of myocardial failure Aihich 
is commonly diagnosed as due to chronic myocarditis by clinicians. On 
the basis of the manner in AA'hich death occurs, the 139 hypertensWe 
hearts can be classed in four groups as folloAVs : 

1. Death AAuth congestWe failure, 78 cases (56.0 per cent). 

2. Death from coronary sclerosis, 37 cases (26.5 per cent). 

3. Death from cerebral hemorrhage, 16 cases (11.5 per cent). 

4. Death from renal insufficiency, 8 cases ( 5.5 per cent). 

Seventy-eight (56 per cent) of the 139 cases Avith hypertension are 
in the group having congestive heart failure (Table III). In none of 
these hearts is there any cellular proliferation or exudation except in 
those in Avhieh there are infarcts. The myocardial fibrosis bears a 
close relation to coronary selei-osis. There is coronary sclerosis in a 
severe degree in 12 (15.5 per cent) of the 78 cases, and severe myo- 
cardial fibrosis in 2 (2.5 per cent). There is slight coronary sclerosis 
in 54 (69 per cent) of this group and slight myocardial fibi’osis in 35 
(44.5 per cent). No narroAving of the coronaries is noted in 12 (15.5 
per cent) and no myocardial fibrosis in 41 (52.5 per cent). 

It should be observed tliat seA'ere myocardial fibrosis is present in 
only 2.5 per cent of the group. In the remainder the fibrosis is slight 
or absent. It seems eA'ident that the fibrosis is not due to inflamma- 
tion and that, in a great majority of cases, the cause of the myo- 
cardial failure is some other factor than an inflammation or a fibrosis 
in the myocardium. 

Thirty-seven (26.5 per cent) of the 139 cases Avith hypertension 
are in the group AAdiere death resulted from seA'^ere coronary sclerosis 
01 thrombosis. Although there are many cases of death from coro- 
nary sclerosis in Avhich there is no clinical history of a high blood 
piessure and in Avhieh there is no cardiac hypertrophy, only cases of 
coronary sclerosis AA'ith hypertension are included in this study. In 
hearts from cases Avhere death occuiTed from coronary sclerosis Avithout 
evidence of high blood pressure or cardiac hypertrophy, fibrosis is pres- 
ent as often and to as great an extent as in cases of coronary sclerosis 
AA ith hypertension. Table III shoAvs the involvement of the coronary 
arteries and the myocardium in the hypertensive cases Avith coronary 
sclerosis. Coronary thickening is present to a severe extent in all of 
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the 37 eases. Thevc is tiivoiubosis in 27 (73 per cent). ^Ylulc myo- 
cardial fibrosis is ionnd in all except 2 ol! the 37 hearts, it is severe 
ill only 18 (48.5 per cent). The myoeavdiinn in this group shows a 
greater degree ot‘ injury than is found in hearts ■with congests c 
Lilure. This suggests Ihc coronary narrowing as the cause of the 
fibrosis. It is evident that the fibrosis of the myocardium is of slight 
significance as a cause of cardiac failure since in more than half of 
the cases the fibrosis is slight or absent. 

In Table III it is seen that IG (11.5 per cent) of the 139 cases of 


hyperpiesia are in the group liaving a mild degree of cardiac decom- 
pensation and death from cerebral hemorrhage. Severe coronary 
sclerosis is present in 6 (37.5 per cent). Severe myocardial fibrosis 
is not noted. In 8 (50 per cent) of the IG cases there is a slight 
degree of coronary sclerosis and there is a slight fibrosis of the myo- 
cardium ill 6 (37.5 per cent). This fibrosis ajipoar.s to have resulted 
from the coronary narrowing but is not rc.sponsible for the death, 
since death was due to cerebral hemorrhage. 

Ill Table III it is seen that only S (5.5 per cent) of the 139 cases 
are in the group with mild cardiac decompensation wlicre death re- 
sulted from renal insufiiciency. In another series of 400 eases of 
hyperpiesia about 10 per cent are in this group. Coronary sclerosis 
is present in 6 of the 8 cases but it is severe in only one. jMyoeardial 
fibrosis is found in but one case and in this the fibrosis is slight. 

A summary of the involvement of the coronary arteries and the 
myocardium in the 139 cardiac cases with hyperpiesia is given in 
Table III. Coronary sclerosis is present to a severe degree in 56 
(40.5 per cent). Thirty-seven of these are the cases where death 
occurred suddenly from coronary narrowing. Severe myocardial 
fibrosis is noted in only 20 (14.5 per cent) of the 139 cases. Eighteen 
of these 20 cases are from the group dying fi-om coronary sclerosis. 
Slight coronary sclerosis is found in G7 (48 per cent) of the entire 
group. There is slight myocardial fibrosis in 59 (42.5 per cent). It 
is to be emphasized that myocardial fibrosis to a severe extent occurs 
in only 14.5 per cent of the 139 cases, that no fibrosis is seen in 43 


per cent, and that in the remaining 42.5 per cent the fibrosis is slight 
and of little or no significance. 

The following facts are suggested from fhe study of the myocar- 
dium in these 139 cases of hyperpiesia : the fibrosis found in the myo- 
cardium is not inflammatory in origin, but apparently results from 
a myocardial anemia following narrowing of the coronary arteries. 
Pibrosis of the myocardium to a severe extent is present in only 
about 15 per cent of the cases, mo.st of which are in the group where 
death resulted from the narrowing of tlie coronary arteries, and even 
in this group less than half shoiv myocardial fibrosis of any signifi- 
cance. Fibrosis of the myocardium is of little importance in brino-- 
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mg about myocardial failure in cases of hyperpiesia. Some factor or 
factors not manifested anatomically have the chief part in hringing 

about myocardial failure in hypertensive hearts and hearts with 
coronarj’’ sclerosis. 

Bight Veniricui^r Hypertrophy and Dilatation.—A small group of 
hearts fail following hypertrophy and dilatation of the right ventricle 
resulting from increased pulmonary pressure. This may occur in such 
conditions as chronic bronchial asthma, chronic emphysema, chronic 
bronchiectasis, and in the so-called A.yerza’s disease. Four of the 
429 eases studied in this paper are in this group. Slight fibrosis is 
noted in all of the 4 hearts. This fibrosis appears to have resulted 
from an inflammatory condition since Aschoff bodies or irregular 
aieas of proliferation ai*e found in all. The fibrosis is present in the 
left ventricle while the hypertrophy is in the right ventricle. This 
suggests that there is no causal relationship between the increased 
pi essure and the fibrosis. It also indicates that the slight amount of 
fibrosis probably has nothing to do with bringing about cardiac failure. 

DISCUSSION 

Two anatomical types of myocardial injury are noted in many of 
these 429 cases of cardiac failure. First, there are the inflammatory 
injuries which are shown as exudative or proliferative changes either 
in localized areas or scattered diffusely throughout the heart in the 
interstitial tissues. Tiie inflammation shows a great tendency to be ar- 
ranged about blood vessels and upon healing, to leave scars with a peri- 
arterial arrangement. The second type of nnmcardial injury is the myo- 
cardial fibi’osis without any evidence of an association with inflamma- 
tion. These sears appear as areas of atrophy of the muscle fibers with 
a replacement by connective tissue. This second form of myocardial 
scar is a definite result of coronary sclerosis of the senile type. 

The inflammatory type of myocardial injuiy is common in all forms 
of rheumatic and bacterial valvular injuries, hut it is rare in the myo- 
cardium in syphilitic aortitis. It occurs seldom or not at all in the 
mj^ocardium in eases where death results from essential hypertension 
or from coronary sclerosis. The atrophic scars are rarely found in 
cases of cardiac failure except in the groups having hypertension 
and coronary sclerosis, hlyoeardial fibrosis of either the inflamma- 
tory or the atrophic type is seldom present to a severe extent except 
in the group where death results from coronary sclerosis. Here it 
is found in only a relatively small percentage of cases. 

The result of the active myocarditis probably is somewhat of a 
factor in bringing about cardiac failure, but the atrophic form of 
fibrosis, even in its severe degree, does not seem to be of much im- 
portance as a cause of death. 



CIjAWSOK : AiyorAKOITIS 


In 


It is doubtful whether the eliiiical diag'nosis of either acute or 
chronic myocarditis should be made, even though such a condition 
commonly exists in association with a valvulitis. It is certain that 
what is called chronic myocarditis clinically in chronic heart failure 
without valvular injury is not an inflammatory condition and in most 
cases it is not any other conditioji in the myocardium showing an 
anatomical basis for the failure. 


SUMMAKY 

1. iilyocarditis, acute or chronic, arranged ditTusely or in localized 
areas as AsehotT nodules or abscesses, is a common condition in the 
myocardium in acute and recurrent rheumatic endocarditis, in sub- 
acute bacterial endocarditis, and in old valve defects. 

2. The peri-arterial sears ajiiiear to be the result of a previous bac- 
terial infection and are freciueutly found in the myocardium in cases 
of subacute bacterial endocarditis and old valve defects. 

3. Proliferative or exudative inflammation is rare in the myocar- 
dium in cases of syphilitic aortitis. 

4. Scars re.sulting from atrophy of muscle with r(“j)lacement by 
connective tissue following a narrowing of coronary arteries seldom 
occur except in the myocardium in cases of hypertension and coro- 
nary sclerosis. 

5. The extent of myocardial injury as shown by anatomical changes 
rarely appears to be sufficient to bring about cardiac failure. 

G. The conditions usually diagnosed acute or chronic myocarditis 
clinically cannot be demonstrated to be inflammatory processes and 
in mo.st cases anatomical injuries are not seen. 

7. So-called myocarditis is u.sually a condition of the myocardium, 
probably fatigue, which is not manifested anatomically. 
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THE KELATIOX OP THE ADEEXALS TO THE CHJCULATORT 
COLLAPSE OP DIPHTHEEIA* 

Charles W. Ed:muxds. axd Praxkltx D. Johxstox, B.S. 

Axx Arbor. I\Iich. 


TX ExVRLIER papers from tliis laboratory it was shown that one of 
the most important factors concerned in the circulatory collapse 
which occurs in diphtheria is a greater or less degree of paralysis of 
the sj)lanchnic nerves. This paralysis allows the abdominal vessels to 
relax and these, acting as a reservoir, lessen the amount of blood to he 
returned to the heart and bring about a “distributive oligemia.'' In 
addition to this lack of circulating blood, thei-e is in severe eases of 
diphtheria a heart profoundly affected by the toxin— a toxic paren* 
chymatous myocarditis— and this must affect the circulation deleteri- 
ously. However, it is still an open question as to just how large a 
part the myocarditis plays in the circulatory failure. Indeed it has 
been abundantly proved that such hearts, although markedly patho- 
logical, will still maintain a satisfactory circulation provided they are 
supplied with sufficient blood. The vasomotor center and the muscular 
walls of the vessels appear to react normally. However, other struc- 
tures which might be eoueerued in the circulatory embarrassment and 
which deserve careful study in this connection are the adrenal glands. 
Abramow,^ one of the earlier investigators upon the reaction of the 
adrenals to diphtheria intoxication, described the changes produced 
iu the glands by the toxin when it is given either in doses causing 
death in a comparatively short time or merely in sublethal doses. 
While with the small doses he believed there was evidence of stimu- 


lation of those glands, with the large doses there was evident epiueph- 
rin poverty and he ascribes the circulatory disturbance with resulting 
failure of the heart largely to this factor. One of the more recent 
vri-iters on the subject (Harding^) says that in diphtheria the adrenals 
show a hyperchromatism with increased staining of the nuclei fol- 
lowed by hypochromatism progressing in places to dissolution of the 
nuclei and breaking down of the cells. However, it may be said that 
the significance of these changes is not completely understood nor the 
part which they may play in causing a disturbance of the function of 
these glands. In addition, it is not at all unlikely that some of the 
changes in the adrenals which have been described are not specific for 
diphSieria at all, as they may be present in any severe acute infection 
or may even be due to post-mortem i)rocesses. 

The epiuephrin content of the glands iu diphtheria was investi- 
gated by Ehrmann," who used the isolated frog's eye method of assay. 


*From The Pharmacolog-ical Labcratorv of Uie Lmversit> of iUcI = • 

Presented at Oie meeting- of the Association of American Physicians. AUantic Cit. . 
X. J., Afar 1927. 
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He reported that even in severe cases ot‘ diphtheria intoxication with 
marked pathological changes in the glands there was still epinephrin 
present in the blood and that it iniglit even be present in an increased 
amount. It must be ])ointed out, liowever, that the inetliod of as- 
say utilized by Ehrmann has not been found to be satisfactory by 
manv of the other workers and tiieref'ore his conclusions cannot be 
accepted at their face value. Elliott' in the same year reported tliat 
the staining properties of the cells of the adrenals when treated Avith 
mixtures containing chromic acid Avere much diminished after poison- 
ing Avith the toxin and that the intensity of the slain corre.sponded 
AAdth the amount of epinephrin Avhieh could be extracted from the 
gland. In a later paper'' he states that the amount of epinephrin Avas 
much diminished in the adrenals of cats AA-hieh had died of diphtheria 
and that the amount Avas decreased 1o a greater extent on the side 
Avith intact splanehnics as compared Avith the side on AA’hich the nerAm 
had been cut. For instance. Avith an average yield of 0.25 mg. of epi- 
nephi’in from a normal gland he obtained from the adrenal of a diph- 
theritic animal on the side Avith the intact nerve only 0.02 mg. AAdiile 
on the side Avith the nerve cut he found amounts varying from 0.15 mg. 
to 0.22 mg. The diiference betAvecn the tAvo sides Avas veiy striking 
in eA'ciy ease. Elliott concluded that the action of tlie toxin Aims not 
a direct one upon the gland but AA’as due to some action AA'liich reached 
the glands by Avay of the splanehnics. He did not think that the ex- 
haustion of the epinephrin Avas a primary cause of death. Ritchie 
and Bruce" found, much like AbramoAV, lhat in the more acute type of 
diphtheria in guinea pigs there Avas a considerable diminution in epi- 
nephrin Avhile in more protracted cases Ihere Avas complete exhaustion. 
So also Broberg' reported changes in the adrenals in protracted diph- 
theria but stated that they Avere no more than could be explained by 
the general cachexia. Lucksch® has also called attention to the fact 
that in this intoxication the epinephrin may be partly or Avholly lost. 
The adrenals of some guinea pigs used by him Avere entirely inaetiAm 
in so far as epinephrin Avas concerned, and in a dog AAdiich died after 
four days’ illness he found no epinejihrin. Also in children dead of 
diphtheria he found a diminished ejiinephrin content and he belicAms 
Biat such a change may be important in determining the course of the 
illness of the individual. More recently Hartman and Macdonald" 
reported that they Avere unable to demonstrate any increase in epi- 
nephrin in the blood of cats folloAving the injection of diphtheria toxin. 
An examination of the glands b.Y staining methods shoAved that at 
times the medulla appeared to be depleted but usually epinephrin Avas 
present in patches or in limited groups of cells. Finally Molinellii" 
has shoAAm that in dogs and rats AAdiieh haA^e been injected AAdth diph- 
theria toxin the Aveight of the adrenals is not increased. They may 
possess a normal aspect or may appear congested, but the amount of 
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epinepliriu contained is in general diminisliecl. He says also that the 
amount of epmephrin in the blood obtained from the suprarenal vein 
IS also markedly lessened. 

It will be seen by these brief references to the literature that most 
Markers find a lessened amount of epinephrin in the adrenals of cliph- 
thentic annuals but it will also be noted that most of the reports are 
based upon impressions gained by a study of the intensity of staining 
leaetions rather than upon definite estimations of the amount of the 
alkaloid which could be extracted from the glands. Accordingly, in 
connection with our studies upon the causes of the circulatory col- 
lapse in diphtheria, we have also investigated the ejnnephrin content 
of the adrenals in an effort to shed further light upon the question. 

In the first place it was neeessarj'’ to establish a normal epinephrin 
content for dogs as most of the figures wliicli are available in the 
literature were obtained from animals which had been used in labora- 
tory experimental Avork and Avhich, therefore, had been subjected to 
A'arious operatiim procedures in addition to a more or less prolonged 
anesthesia. Accordingly, we secured our normal controls from dogs 
immediately after anesthesia Avas complete, the anesthetic consisting 
of a subcutaneous injection of morphine (75 mg.) followed by ure- 
thane (1.5 gr. per kg.) given by means of a stomach tube. These same 
animals from Avhich the adrenals had been removed Avere then used 
for the assay of both the normal and the diphtheritic glands; in many 
cases, therefore, the assa.y of the normal glands was carried out upon 
the same animal from Avhich the.v had been removed. 

We secured the diphtheritic {i:lanch from dogs immediately after 
death from the effects of the toxin. The epinephrin Avas extracted 
and then by means of the blood pressure method the amount of epi- 
nephrin in the solution Avas assayed by comiiaring it Avith a standard 
solution of epinephrin (Jletz). The method of extracting the epi- 
nephrin from the glands Avas as follows, ami was essentially that de- 
scribed by" Folin, Cannon and Denis.*^ 


After tlie glands ])ad been removed from either the normal animal or from 
the animal dead from diphtheria, they were carefully separated from the surrouml- 
ing fat and connective tissue, weighed, cut into small pieces and then ground 
in an agate mortar Avith IsVlO hydrochloric acid. The mixture was placed in an 
Erlenmeyer flask and enough of the acid added to make 7.5 c.c. for each 
of gland. Three times as much water was then added and the mixture boi e . 
To this Avas added 10 per cent sodium acetate, 5 c.c. for each lo c.c. of HCI, oik 
the mixture brought to the boiling point again. It Avas then filtered and trails eire 
to a volumetric flask (50 c.c. for each gram of gland) and filled to the mar • 
The standard solution Avas prepared from the Metz synthetic epiiieplinn by adcbig 
suflicient N/10 HCI to the alkaloid in Avater to bring it into solution 
diluting it Avith Avater to the desired strength, 1:1000. This solution ^vas urthc 
diluted for use. The technic of the biological assay is well J J 

being fully anesthetized, cannulas are inserted in the ‘ ..gins^ for 

tion, in the carotid for tlie blood pressure record, and in the feme . 
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the injection of tlio solutions. Tlio vagi are cut and ;irti/ici;il respiration instituted. 
The two solutions— the standard and the unknown— arc now injected in appropriate 
(loses until a suitable comparison of strengths is found from which the cpinephrin 
content of the unknown solution can be calculated. 

The results obtained from the normal dogs are as follows: 


Vog 

)> t'tyiu 

H'ei.f/ac 0/ u(()'Cii(ii.s 
i)i ■miUigram.'^ 

Total epincplirin 
in milUgrame 

EpinepUrin per grain 
of gland 

1 

11 Kg. 

12au 

1.74 

1.39 

O 

6 Kg. 

1025 

1.10 

1.07 

3 

9 Kg. 

1100 

1.15 

1.0,5 


These figures show in general a reasonable agreement tvith the 
figures usually given for the amount of cpinephrin in the glands of 
the normal dog, viz., 0.1 per cent of the moist weight. 

In considering the results obtained from tbe diphtheritic dogs, it is 
important to have information concerning the history of the disease 
in the individual animal in order that a proper comparison may be 
made with the conditions as found in the human subject. The dose of 
toxin must not be too large or the course of the disease will be so 
brief as to make a comparison impo.ssible. iiccordingly a history in 
briefest terms of each animal is given herewith. 


Bog 1 D Weight 10 Kg. 

12/2/2G Toxin 0.002 c.c. subcutaneously. 

12/4/26 Toxin 0.002 c.c. subcutaneously. 

12/6/26 Toxin 0.001. I c.c. subcutaneously. 

12/7/26 Dog quiet — not eating. 

12/8/26 

9 A.M. Deeply apatlietic — bloody voinitus and movements. 

10 A.M. Stopped breatliiug. Artificial respiration, 10 per cent glucose 
intravenously. 

Duration of intoxication — 6 (bays. 


Bog Z B Weight 9 Kg. 

2/21/27 Toxin 0.007 c.c. subcutaneously, 

2/23/27 A'^ery quiet, apathetic. 

2/24/27 Toxin 0.01 c.c. Dog apathetic. 

2/25/27 Dying, operated. Duration of intoxication — 4 days, 
Bog 3 B Weight 9.5 Kg. 

2/21/27 Toxin 0.00.5 c.c. subcutaneously. 

2/24/27 Toxin 0.003 c.c. subcutaneously. 

2/25/27 Toxin 0.008 c.c. subcutaneously. 

Quiet. Toxin 0.002 c.c. subcutaneously. 

3/ 3/27 Dying. Operated. 

Duration of intoxication — 30 days. 


Bog 4 B Weight 13.5 Kg 
2/28/27 Toxin 0.01 
3/ 1/27 Inactive. 

3/ 2/27 Toxin 0.01 
3/ 5/27 Toxin 0.01 
3/ 7/27 Dying. 3 p.m. operated 
duration of intoxication — 7 days 


c.c. subcutaneously. 

c.c. subcutaneously, 
c.c. subcutaneously. 


Tlie estimation of the epineplizdn in the 
of which are given above, is as follotvs: 


dijilitheritic dogs, histories 
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l^og 

Weight 

Weight of adremJs 
in milligrams 

Epinephrin in 
milligrams 

Epinephrin per gram 
of gland 

1 D 

10.0 

1840 

0.30 


2 D 

9.0 

1800 

1.25 


3 D 

9.5 

1450 

1.05 


4 D 

13.5 

1725 

1.05 



These figures giving the epiuephrin content of the adrenals in ani- 
mals dying of dpilitheria confirm the findings of Lueksch, Elliott and 
the others who report a lowering in epinephrin content in the glands 
in this disease, but what importance this diminution has in the life of 
the animal is not so easy to answer. In the first place the action prob- 
ably is not specific for diphtheria. Lucksch, in particular, has shown 
that in many diseases, especially in tuberculosis, the epinephiin con- 
tent of the glands may be- loivered. It is not unlikely that Broberg 
is right when he says that the change may be explained by the gen- 
eral "^cachexia. It is certainly true that the factor of cachexia may 
play a role in the results obtained in the animals. Our dogs all showed 
symptoms of an acute illness, being very quiet on the day following 
the injection, eating and drinking little or nothing, and finally toward 
the end being apathetic and in some cases comatose. On the other 
hand, it would certainly seem probable that a diminution of epi- 
nephrin in the glands to perhaps 20 per cent of the normal amount 
or even as reported by some workers to a total absence of the alkaloid, 
could not help but be of importance in the expectancy of bfe of t le 
individual. However, it is probably not a sudden exhaustion of t^ie 
epinephrin which takes place. All the evidence is that it is ^ gradm 
affair extending over days while the typical circulatory ^ollap e 
dinbtlieria is an acute phenomeiion-a matter of an hour oi tno 
makino- it appear most likely that the adrenal exhaustion is not aa 
important factor in the collapse but is merely an associated phenomenon. 

summary 

In diphtheria there is a mattad diminntion m the 
nephrin irr the adrenal glands. This decrease tn epmephnn p.o 
ably not the cause of the eircnlatory collapse. 
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PAROXYSMAL VENTRICULAR TACHYCARDIA WITH 
ALTI5RNATlNCr CO]\IPLEXES DUE TO DIGITALIS 
INTOXTCATION^^ 


IL M. ilAKVIN, j\r.D. 
New Haven, Conn. 


I N THE past lew years a considerable number of examples of 
paroxysmal ventrienlar tachycardia liavc been reported’’ ■’ “ and 
several autlioi’S have commented upon the probable relationship of 
the tachycardia to the administration of digitalis; Reid' particularly 
has emphasized the close association between the abnormal mechanism 
and px'eeeding large doses of the dimg. That the vclationsbip is xxot 
an invariable one is clear, for in many of the recorded cases digitalis 
had not been given during the preceding days or weeks.-' In 1922, 
SchweixseiP pixblished an extraordinary electrocardiogram displaying 
regular alternation of upward and downward ventricular deflections 
at a rate of 180 per minute; it was obtaiixed froixx a patient whose 
electrocardiograms before and after the unusual meclnanism showed 
aiu’icular fibrillation. This was the first published example of the 
alternating type of ventricular tachycardia in the human being; 
similar curves were recorded in 1923 by Eelberbaum," in 1924 by 
Reid,^ aixd two in 1925 by Luten." In all five cases auricular fibrilla- 
tion had been present before the developxuent of the xinusual ven- 
tricular tachycardia, and in tlu-ee of them it was present after the 
tachycardia ceased; all of the patients had received digitalis in large 
doses, and the unusual mechanism Avas regarded in each instance as 
probably due to the administration of that drug. Reid’s case differs 
from the others in one important respect, in that the alteimation in 
direction of the A’entricular complexes was ])resent for only a few 
cycles about thirty seconds before the death of the patient, and im- 
mediately preceded the onset of A’entricular fibrillation. 

In each of the four reports mentioned above, the origin of the 
tachycardia is briefly discussed, each author recognizing that there 
are two possible explanations of the unusual rhythm. One is that 
there is a single focus, situated probably in the A-V node or in the 
A-V bundle aboAm its bifurcation, sending out rhythmic impulses 
AAdiich travel alternately along the x-ight and left branches of the 
bundle. This explanation assumes that the branch Avhich has just 
tiansmitted an impulse is partially or Avholly refractory to the xiext 
succeeding one; it is further assumed (Luten) that digitalis ma.A^ be 
responsible for such an interference Avith bundle-branch conduction. 


University Seliool of Medicine 

tne Medical Service of the New Haven Hospital, New Haven, Conn. 
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The alternative explanatiou is that there are two foci seiidino on, 
impulses one in either ventricle, and that the tachycardia is “coni- 
posed ot a rapid succession of ectopic beats arising alternately in 
right and left ventricles. In none of the reported cases lias it been 
possible definitely to decide which type of mechanism was responsible. 

The following five eases are reported partly because they represent 
a considerable addition to the small number of similar cases now on 
leeord, but chiefly because the electrocardiograms from several of 
them appear to throw light upon the nature of the mechanism in- 
volved, and because they provide additional evidence tending to show 
that^ digitalis is responsible for the condition. The present com- 
munication is concerned only with tho.se instances of paroxysmal 
tachycardia in which there is constant alternation of upward ami 
downward ventricular complex'es at a rate usually exceeding 150 per 
minute. The essential facts of tlie histories will be presented briefly, 
and the important features of the electrocardiograms discussed .sub- 
sequently. 

CLINICAL REPORTS 


Case 1. — An Irish teamster, fifty-nine years of age, entered tlie iiospital on 
January 23, complaining of sliortness of breatii, cough, and swelling of the legs. 
He stated that dyspnea had first become troublesome about four or five weohs 
previously and that orthopnea and swelling of tlie feet had been noted several 
days later. All symptoms increased rapidly; swelling of arms and hands was 
first observed two days before he came to the hospital. The previous history was 
irrelevant. 

Physical examination at the time of admission showed orthopnea, urgent dyspnea, 
deep purplish cyanosis of lips, cars, and nail-beds of fingers, conspicuous engorge- 
ment of the neck veins, and well-marked nodding of the liead, Tiiere was frequent 
unproductive cough. Tliere were signs of fluid in both pleural cavities below the 
angles of the scapulae. The heart was considerably enlarged, the apex impulse 
being in the sixth left intercostal space in the anterior axillary line; the right 
margin of percussion dullness in the fourth right intercostal space was 4 cm. to 
the right of the median line. The ausenltatory signs were those of stenosis and 
insufficiency of tlie mitral and aortic valves. Tlie rhythm was regular, tiie rate 
136 per minute. The liver edge was felt 8 cm. below the costal border in the 
right mammillary line; the tip of the spleen was just palpable. There was great 
edema of the subcutaneous tissues from tlie level of the umbilicus donnwaid. 
Tlie peripheral arteries were hard and tortuous. The blood pressure ranged from 
115 to 130 mm. Hg. systolic, and 88 to 100 mm. diastolic. 

The Wassermann reaction on tlie blood serum was negative. A seven-foot x-ray 
film of the heart showed considerable enlargement. Otlier laboratory data were 


not of importance. 

Course and Treatment.— The patient was admitted at noon on Jan. 23. is 
weight was 133 pounds. Digitalis in the form of the powdered ^ \' 
ministered as follows: 0.6 gm. at 1 p.m., 0.4 gm. at 4 p.m., and f ^ 

on the twenty-third; 0.2 gm. at 8 a.m. and at noon on tie 
total of 1.8 gm. m l,ve«t,-loor l.ooro, Oa the mo.mog 

pleoral frictioh rub tva« detectei in th. right am la, .everai , 

rate was found to be 160 per minute and apparently regular. An 
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was taken and revealed tke mechanism illustrated in Tig. 1. The tachycardia 
continued without interruption, so far -as is known, throughout the remainder of 
the day and the night. On the following day (Jan. 25) there were clear signs of 
pulmonary infarction, but no fever. Throughout the day tlicre were paroxysms of 
tachycardia, lasting from several minutes to several hours; the rate during these 
periods was usually very near 150 per minute, while between the paro.xysms the 
rate was approximately 100 per minute. Electrocardiograms showed that the 
tachycardia was always of the same type, but there were minor variations in the 
size of the ventricular deflections during difCcrcnt paroxysms (Fig. 2). On the 
twenty-sLxth, paroxysms of tachycardia were infrequent, but the pulmonary condi- 
tion had extended and the patient seeincd worse. During the next two days no 
paroxysms of tachycardia were detected by auscultation or in electrocardiograms, 
but the temperature rose steadily, the respirations increased in late, signs of 
bronchopneumonia became widespread, and the patient died at noon on Jan. 28. 



Pig. 1. — Case 1. Leads I, II. and HI. Record obtained on Jan. 24. The auricular 
rate is 102.85 and the ventricular rate 14G.9 per minute. Tlie ventricular rhythm is 
slightly but definitely irregular in all leads. In Lead II, auricular waves are marked 
by small vertical lines. Notice the minor variations in form of ventricular deflections. 
(In this and all subsequent electrocardiograms distances betw’eon abscissae represent 
10-^ volts, and time is in fifths of a second. Figures are full size except when other- 
wise stated. In many instances the stated rate has been calculated from long strips 
of film rather than from the published figure.) (x vS) 


Avtopsy . — There were signs of general passive congestion; there was free fluid 
in the pleural cavities and in the peritoneal cavity, and edema of the subcutaneous 
tissues. The lungs showed multiple areas of infarction. The liver extended 6 cm. 
below the costal border. The heart was greatly enlarged; it weighed 850 gm. 
There was an area of fresh fibrinous jiericarditis near the apex of the left ventricle, 
about 4 cm. in diameter. The ventricular cavities were very large, especially the 
left. The wall of the right ventricle averaged 5 mm. in thickness, that of the 
left, 18 mm. There was a mural thrombus in the right auricular appendage. On 
the inner surface of the left ventricle near its apex, the location corresponding 
to the area of pericarditis, there was a thrombus firmly adherent to the wall, and 
undergoing organization. On section it was found to be hollow, the center having 
become necrotic. The ventricular wall beneath the thrombus was approximately 
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one-tlnrd the tlnckness of the .vail elsewhere; its outer half was eou^posed of 
dense fibrous tissue and its inner half of dull, lusterless, necrotic-looking Jsde 
to , ° appearance, but apparently more recent, was attached 

and 1 'T "Skt ventricle. The tricuspid 

. d pulmonary valves were normal in appearance. The mitral orifice was narrowed- 

the valve leaflets were thickened along the line of closure and showed many small 
irregular vegetations. The papillary muscles were greatly thickened and slightly 
attened. The aortic valve cusps were thickened, sclerotic and adherent, with 
extreme calcification. The valve opening was reduced to a mere slit. The orifices 



Fiff. 2.— Case 1. Upper curve. Lead III, Jan. 24. Auricular rate, 93.7, yentijular 
rate, 138.46 per minute. Lower curve. Lead HI, Jan. 25. size 

termined, ventricular rate 145.4 per minute. Notice especially the difteiences 
and shape of ventricular complexes. 


of the coronary arteries were patent, and no closure of a vessel could he demon- 
strated by dissection or by stereoscopic roentgenograms taken after injection o 
the coronary vessels with barium gelatine. 

Microscopic examination of sections from the heart showed an extreme egree 
of hypertrophy of the muscle fibers, with widespread fibrosis, especially a ou 
the blood vessels. A section through the thrombus in tlie left ventric e s ion 
the picture of organization, with many fibroblasts and small capillaries ; in p - j 
'endothelium could be seen growing over the surface of the thrombus. 
necrosis of the muscle fibers beneath the thrombus, wuth fibrosis in 
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portion of the ventricular ^Yall. ^.iicroscopie study of the vegetations on the mitral 
valve revealed them as dense, acellular connective tissue. 

The anatomical diagnosis was: healed mitral endocarditis, healed aiid calcified 
aortic endocarditis with advanced stenosis, diffuse fibrosis of myocardium, organiz- 
ing mural thrombi in ventricles, organizing pericarditis, cardiac hypertrophy and 
dilatation, chronic passive congestion of the viscera with general anasarca, pulmon- 
ary infarcts. 

Electrocardiogram}! : Eleetrocardiogr.ams were obtained at frequent intervals dur- 
ing the four days beginning with Jan. 24; several of them are reproduced in 
Pigs. 1 to 4. Pig. 1 is taken from the first record secured on Jau. 24; it shows 
the type of tachycardia, with regular altcrnntum in the direction of the ventricular 
complexes, which forms the subject of this paper. Numerous curves depicting this 
type of mechanism were secured during this and the two following days; some of 
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Pig. 3. — Case 1. a, Lead III, Jan. 25 ; h. Lead II, Jan. 2-1. These show the change 
U’om a tachycardia, cornposed of precisely similar complexes to one in which there 
Is regular alternation in direction of successive deflections. Auricular waves are 
aistmct throughout h. c. Lead I, Jan. 26. Tlirce normal beats, each followed after 
^i,f *'• ^’’onp of ectopic ventricular beats, the last of which is prob- 

amy the beginning of a paroxs'sm. Auricular waves arc distinct and regular, (x •?&) 

them were precisely like those of Pig. 1, and several showed slight differences in 
the size or configuration of the ventricular deflections, especially in Lead III. In 
the first two leads of Pig. 1 many auricular w’aves can be identified with cer- 
tainty; these, as well as the position of those which are buried in the ventricular 
complexes, have been marked in Lead II, by placing opposite each of them a small 
vertical line. It is found that the auricular rhythm is perfectly regular and the 
rate 102.85 per minute, while the ventricular rate, measured over the same portion 
of film, is 146.9 per minute. Auricular waves are present in only two places in 
Lead III, toward the end. 

^ Pig. 2, containing two portions of Lead III from electrocardiograms taken on 
different days, illustrates the minor variations in size and form of the ventricular 
complexes already mentioned. The upper curve of this figure was inserted because 
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It represents^ the lowest rate observed in any records from this patient and also 
c isp ays anrmular waves more clearly than any other similar lead. The rate of 
the auneles is 93.7, that of the ventricles 136.46, per minute. 

I'lg. 3, a IS a portion of Lead III from a record secured on Jan 25- i is a 
portion of Lead 11 from a record obtained on Jan. 24, and c is a strip of Lead I 
from one of the curves of Jan. 26. The change from an undirectional paroxysm 
to one in which there is alternation in direction of the ventricular deflections is 
clearly shown in a and h. The latter portion of the curve in o is so distorted by 
. extrinsic current as to permit no statement about the presence of auricular waves, 
but such waves can bo clearly seen in b, occurring regularly and at a rate distinctly 
slower than tliat of the ventricles. In c there are shown three normal ventricular 
complexes, each preceded at a normal interval by an auricular summit. Each of 
the first two complexes is followed by a group of ectopic ventricular beats; tlie 
third is followed by three such beats which presumably represent the beginning of 



Fie-. 4. Case 1. Three usual leads; I and II taken on Jan. 25. Ill on Jan. 2G. Tlie 

A-V conduction time Is prolonged in all leads, hut more . the curve of Jan. 25. 
Notice especially the direction of the ventricular complexes m Leads I and III. 


a paroxysm, although this cannot be asserted with great confidence. The intervals 
separating the normal beats from the ectopic beats that follow are of almost 
identical length. 

Fig. 4 represents the normal type of ventricular complexes for this patient. 
Leads I and II are from a record taken on Jan. 25; Lead III from one taken on 
the following day. The A-V conduction interval is prolonged in all leads, but 
less ^n Leacf III than in Leads I and II, • the interval is steadily approaching 

normal. 

■Comment— The course of events in tliis patient seems clear. A man 
with advaced congestive heart failure and normal cardiac 
received an amount of digitalis considerably f 
sary for complete therapeutic effects, as gauged by 
Just before the last fractional dose was given, it was fou 
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normal cardiac mechanism had changed to one in Avhieh the ventricles 
ivere beating much more rapidlj'^ than the auricles, and electrocardio- 
grams shoAved constant alternation in the direction of the ventricular 
deflections. This abnormal mechanism prevailed, so far as could he 
ascertained by frequent observation, for about twenty hours before 
the normal mechanism Avas restored. When the normal sequence of 
chamber contraction Avas resumed, the A-V conduction time Avas pro- 
longed; partial heart-block Avas present. During this day (Jan. 25) 
paroxysms similar in nature to the oidginal one, but of relatiA'’ely 
brief duration, occurred many times; on the folloAving day they oc- 
curred less frequently and Avere of shorter duration. The A-V con- 
duction time, although still prolonged beyond the normal, Avas shorter 
than on the preceding day. The regular rhythm betAveen the parox- 
ysms Avas frequently interrupted by ectopic A^entricular beats, occur- 
ring singly or in groups of tAvo or three. On Jan. 27 neither par- 
oxysms of tachycardia nor ectopic Amntricular beats Avere detected, 
but the P-R interval Avas still slightlj’- more than 0.2 second. On the 
morning of the tAventj'--eighth, four hours before the patient’s death, 
the electrocardiogram shoAved normal mechanism. 

Apart from the nature of the mechanism responsible for the curious 
alternating ventricular tachycardia, the point of chief interest and 
importance is the steady decrease in the length and frequency of the 
paroxysms of tachycardia until they Avere replaced by ectopic beats, 
Avliich themselves became rapidly less frequent and disappeared com- 
pletely. Coincident Avith this change in the abnormal mechanism, 
there Avas a similar change in the length of A-V conduction time ; con- 
siderably prolonged at first, it became constantly shorter and, after 
three days, Avas Avithin normal limits. There Avas thus a perfect, 
orderly transition from abnormal to normal through a series of de- 
fined stages each of Avhich represented a less advanced disturbance 
than the preceding one. If the progression had been from normal to 
abnormal, each day reA’^ealing a disturbance of higher grade, there 
Avould probably be little hesitation in accepting it as eAudenee of in- 
creasing digitalis effects upon the heart. There is equally good 
reason for belieAung that the events as pictured represent steadily 
decreasing digitalis effects, coincident Avith the excretion of the drug 
from the body. 

C.\SE 2.— A negro woman, fifty-three years of age, was admitted to tlie hospital 
on March 25 because of difBeulty in breatliing and swelling of the extremities. 
Eleven mionths earlier she had been troubled by headaches, dizziness, and blurring 
of vision, and at that time she was found to have hypertension. Pour months before 
entry, she was said to have had severe “cardiac asthma”; one month later she 
entered a liospital because of increasing dyspnea and edema. Her subsequent history 
was one of steadily increasing congestive heart failure. The past history was 
irrelevant. 
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]vx-a»n„.-.tK>n revealed ortl.opaea, dyspnea, and n.oderate cyanosis of the .naeous 
n.e,nbranes. There .as but sli^tht fullness of the neck veins. The Lea " 
vons.derably ealartted, the rhythm reRular, the rate 120 per ndnnte. There .Is 
a s^.stob<• nminiui- over the knver preeordiuin. Signs of congestion .ere present 
over the bases of tl.e lungs, the erlge of the liver was 10 cn. below the costal 
margin in the right midclavicnlar line, and there was evidence of a moderate 
amount of free fluid in the abdomen. There was great edema of the subcutaneous 
tissues below the level of the iiinbilicus. There was moderate thickening of the 
peripheral arteries; the blond iiressnre was KiO nun. Ilg. systolic, 100 mm. diastolic; 
subsequently it varied between 125 and 100 nun. .systolic, .00 and 100 mm. diastolic. 
The blood irassermaiui reaction was negative. 

Course and Trefifineiif.—The patient's weight was 101 pounds; later, when 
edema w.-is no longer present, it wa.s 13.1 ponnd.s. She received no digitalis for two 
days. On :^rarell 27, .she received 1.1 gm. of the powdered leaf; on March 28, 



p,-,. r, Case •’ Tlirec usual Icad.s ; left bundle-branch block. Numerous curves of 

precisely’ similar form were obtained before and after the periods of tachycardia. 
JJuration of Aentiicular complexe.s j.s indicated in Lead I. 

0.1 gm.; on the morning of Marcli 2t), 0.2’ gm. .Several hours after this last 
dose, the heart rate was found to be much more rapid; an electrocardiogram was 
takeii and revealed the alternating type of incchanism reproduced in Fig. C. 
Paroxysms of tachycardia of this type occurred with decreasing frequency for tlirce 
days, and then ceased. Electrocardiograms showed a return of sinus rhythm, with 
ijft ’bundle-brancli block (Fig. 5). Digitalis was resumed on April 1; 0.2 gm. 
was given on April 1 and 2, 0.4 gm. on the fourth, and 0.2 gm. on the fifth. On 
the morning of the seventh, paroxysmal taeliycarclia was again present, and it 
occurred frequently for three days. Electrocardiograms showed the same type oi 
alternating mechanism as that observed during the earlier days of the disorder 
Bv April 11 the usual cardiac iiiechanis-m had been resumed, and neither parox\sm 
of tachveardia nor ectopic beats were detected during the remainder of her i c. 
She died two weeks later, apparently as the result of piilmoiiary mfeetion sub 

sequent to infarction of the lung"- 
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Auiopsy . — There was very slight edema of the ankles. The right pleural cavity 
coiitaiiied a small amount of free fluid. The heart was much enlarged, weighing 
(iOo gm. after injection of the coronary arterial system with barium gelatine. The 
left ventricular cavity was large !ind its wall greatly hypertrophied, measuring 
18 mm. in thickness. In the ventricle were numerous small ball thrombi, attached 
to the wall by thin pedicles. All valves appeared normal. The myocardium showed 
no fibrosis on macroscopic e.vamination, and the coronary arteries were patent. 

Microscopic examination of sections from the ventricles revealed great liyper- 
trophy of the muscle fibers, fitriations were quite distinct. There was slight dif- 



Pig. 6.— Case 2. Three usual leails, taken on April 8. Auricular waves not identifleil 
\Mth certainty; ventricular rate varies fz'oni 163 to ISO per minute. Notice that the 
total duration of tlie ventricular deflections is les.s than in the preceding- figure 


fuse increase in fibrous tissue. The small branches of the coronary arteries ap- 
pealed normal, but in some of the larger branches there were sclerotic plaques and 
small accumulations of lymphocytic cells in and about the vessel wall. 

Unfortunately, tlic examination of the conduetiou system could not be made 
as complete as desired, because the blocks of tissue removed for study did not 
include the bifurcation of tlie A-I bundle into its two main stems. Serial sections 
I'f a large portion of the interventricular septum were prepared; branches of the 
light and left divisions of the A-V bundle were identified readily, and presented 
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an extraordinary contrast in appearance. The tissue composing the ririn 
bmnch and its ramifications appeared entirely normal. The cytoplasm of o 

colls f.r„n„g tho loft branch of tho contoclio.. s.vslom rra, Tacn.laL 
granalar and s.a.„oa p„„rl,. Tho .ells appearocl swollea; „ Sill 

naolo., W 1..10 others coatainod oal.v shadows of „„o,oi „.l»o<io aoo.oar frag™,,” 
here Mas no cdlu ar reaction of any sort surrounding the bundle-branch and its 
rani^ca ions or infiltrating the adjacent myocardium. The general appearance sug- 
gested Uiat the diange ivas a degenerative rather than an inflammatory one but the 
mcchainsin causing the lesion ivas not revealed in any of the sections, 

EIccirocardioffraws.—Bhetrocardiognms were obtained at frequent intervals from 
the day of this patient’s admission to the hospital until her death one month later. 
With a single exception, they were of two types only; they revealed the widened 
notched complexes typical of left bundle-branch block, with normal A-V con- 
duction, or they shoived paroxysmal tachycardia of the alternating type. Typical 
specimens of the two mechanisms are reproduced in Figs, o and 6, and the total 
duration of the ventricular deflections is indicated in corresponding leads.* Fig. 6 
M'as selected from a number of similar records because the change in the form 
of the ventricular complexes in Lead III is greater than in any other electro- 
cardiogram obtained. The only curve not conforming to the two types just 



Fig:. 7. — Case 2. Lead III, taken April 1, There are notable differences in the 
form and duration of the ventricular complexes during the short paroxysm. Auricular 
waves may be discerned in places through the paroxysm ; their rate is 123.5 per min- 
ute, while that of the ventricles in 1-11.1. (xi %) 


mentioned is shown in Fig. 7, which is from Lead III of a record taken April 
1. It contains a complete short paroxysm of tachycardia in which the npward 
ventricular deflections are all alike, while the dotvnward ones are of two distinct 
forms. The rate of auricles and ventricles during the preceding normal mechamsm 
is 123.5 per minute; the auricular rate remains unaltered through the paroxysm, 
while that of the ventricles rises to 141.1 per minute. The tj-pical bundle-bvancli 
block complexes are present immediately upon the conclusion of the paroxjsm, 
there are no transitional forms. 

Comment . — In eoiisicleriug the probable relationship between the ad 
ministration of digitalis and alternating ventricular tachycardia, the 
case just presented is of peculiar importance, and seems to ^^diea e 
fairly clearly that the relation was that of cause and effect. Udiy- 
cardia fii’st appeared during the course of digitalis therapj, a er 
<rm. had been given, and ceased gradually when the ding v.as iscon 
tinned; the abnormal rhythm reappeared when digitalis again 
administered, and ceased when digitalis was stopped. Ihe other 

•All intervals marked upon the figures were measured by means of a comparator. 
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medication employed in this patient cannot reasonably be suspected 
of having caused the tacliyeardia ; luminal and codeine sulphate were 
used freely during the first' two days after her admission, novasurol 
was given once on April 4, three days after the first series of paiox- 
ysms occurred and three days before the second, and -a single dose of 
theocin was given on the day of the first paroxj’^sm. The last two drugs 
were administered latei-, in larger doses, without any effect upon the 
cardiac mechanism. 

The electrocardiographic curves appear to be of the utmost sig- 
nificance in elucidating the nature of the mechanism responsible for 
the alternating tachycardia ; this aspect of the matter will be fully 
discussed in the latter portion of the paper. So far as is known, this 
is the first recorded example of this type of tachycardia in a patient 
witli preexisting bundle-branch block. 

Case 3. — A woman, fovtj'-two years of age, entered tlie hospital on August 22 
for the relief of symptoms of advanced congestive heart failure. Dj-spnea and 
orthopnea had been noted about a year iireviously; edema of the lower extremi- 
ties appeared shortly afterward. Symptoms became less following great restriction 
of physical activity. Pour months before her admission, she contracted a severe 
respiratory tract infection, with fever, cough, and expectoration; shortly after the 
beginning of this infection, dyspnea and orthopnea reappeared and edema increased. 
All symptoms became gradually more severe from that time until she came to 
the hospital. The past history contained no facts of apparent significance. 

The patient looked sick. There was orthopnea and slight cyanosis. Kesirirations 
were hurried and shallow, but not labored. There was no engorgement of the 
nock veins when she sat upright. The heart was moderately enlarged, the rhythm 
fundamentally regular, with occasional premature beats; the rate was 130 per 
minute. The heart sounds were clear and of normal intensity; a soft systolic inur- 
nuir was audible over most of the precordium. The lungs showed persistent crackling 
rales over the lower lobes; the liver edge was felt 5 cm. below the costal margin 
in the right midelawcular line, and was tender. There was considerable edema 
of tlie subcutaneous tissues of the lower abdomen, the lower back, and the lower 
extremities. The radial arteries were slightly thickened; the retinal arteries showed 
moderate sclerosis. The blood pressure was 170 mm. Hg. systolic, 130 mm. diastolic. 
Tlie urine constantly showed a very faint trace of albumin, with epithelial cells 
and leucocytes and occasional hj'aline and gi'anular casts. The excretion of phenol- 
sulphonephthalein in two hours and ten minutes after the intramuscular injection 
of 1 c.c. was 40 per cent; the nonprotein nitrogen of the blood was 35 mg. per 
100 c.c. Examinations of the blood revealed nothing abnormal. The blood 
Wassormauu reaction was negative. The clinical diagnosis was arteriosclerosis with 
iiypertension and heart disease ; congestive heart failure. 

Course and Treatment . — The patient was admitted late in the afternoon of 
August 22. Her weight was estimated at 135 pounds without edema. She stated 
that she had not received digitalis; it was subsequently learned that she had re- 
ceived the drug in small amounts for several weeks immediately prior to her ad- 
mission. On August 23, attempts were made to secure electrocardiograms, but the 
uiring to the ward was defective and only Lead III could be obtained. (She was 
ni a ward not then provided with elevator facilities, and it was regarded as un- 
uise to move her down the stairs to the laboratory on a stretcher, as would have 
been necessary to secure proper records.) The one record that was obtained on 
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clay, however, showed normal A-V conduction -.na ■ f 
n.at,.re beats; so digitalis was started in doses of ' 0 i 

t'vu ‘0 a day. Slie received tins Anso f n c ^ powdered leaf 





Fig. 8. — Case 3, Tlie upper curc-e is of Lead III, taken Aug. 23 ; tlie lower tliree 
are the usual leads, taken Aug. 27. Auricular rate in tlie lower records is 200 per 
minute; ventricular rate varies from 171.4 to 184.6. The measurements in c are or 
the interventricular intervals. There are definite changes in form of occasional ven- 
tricular complexes, especially in Lead III. 


of digitalis into.xicatiou, and as she had been vomiting frequently for the two weeks 
before entrance to the hospital, as well as during the three days since entrance, 
this symptom was not regarded as significant. Tlic rapid rate continued through- 
out tlie twenty-si-xth and the twenty-seventh, so far as could be determined b^ 
frequent examination; it ivas not until the afternoon of the twenty-seventh that 
the electrocardiographic wiring was replaced and satisfactory records were secured. 



MAIJVIN: I’AU’O.WSMAl, VKNTItKTI.AIt 'I ACI I VCAK’DIA •)•) 

CuvvL'S takoii at tliat time lovoaltal altonialiiij,' vciil rifular lacliycardia ( Fi}'. S) ; 
the probable role of (li>:ita1is was rccottnizeil, and tlio dnifi was ]H'rinnni'nf ly dis- 
oontinucd. 

Vonii(in<i conliiUK’d to occur fnapii'iif ly, hill it was apparciilly not due tiiaiiily 
to the digitalis, as it was present two weeks after all sitrns of ditrilalis <-n'ect upon 
t'lie heart bad disappeareil. The ori<iinnl paroxysm of tacbycaialia ceased on 
Anjiust but sborti'r |iaroxysins occiirrei! with decreasing frtapiency daring the 
two followinjx davs. Nt>ne was <d>scrve<l tiii‘reaft<*r nntil her (lischartte tiom tin 
liospital on September 11, when she was in about the same condition as at the 
time of her admission. Slu* died at lo’r home two weeks later, a]ti)arently of 
congestive heart failure. I’ost-morlem examination was not jierformed. 

Klcctyaciii'fliofivd i)i,'i , — In i'ig. S, ii is siiown a ]>oi'lion of l.e.ad III, (d»taimMl on 
August 2.1, before tlie administration of digitalis was begun; it shows normal AA 
conduction and a single |>rematun' bi'.at arising in the veiitriide. 1 In' three lower 
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••• — Ca.se a. (I and b .'ire fi'oni I,ead I of two different curves talcen on Auir. 
-is; they .siiow tin' tn-Klnninu .ami i-ndinK of a parox.vsm. I’.'irtl.'il A-A" lieart-lilock 
I.s present in the nontaeliyc.-irdiat portions of tliese curves, e Is from Ijc.'id III of the 
paroxysm ttiat is sliown ticRiiminK in a; note tlie .iceasional vaii.-itions in si’/.o and 
sliape of ventricular comi)lexes. Tlie auricular rate In I,e.'ol III is g0:!.'_’ ; the ven- 
tricular rale is fi-oni lilo.S to l jier minute, tx --i) 

curves are from one of the records of August 27 and ]iortray the mechanism that 
apparently prev.'iiled constantiy for two and a half days — August 20, 27, and part 
of the twenty-eighth. Elect roc:irdiogriims were secured every few hours during the 
twenty-seventh and twenty-eighth, and the only ililTerences in them were minor 
eliange.s in the form of oecasion.'il ventricular deflections; changes that will bo 
discussed presently. It is to bo noted th:it there is both iiurieul.'ir tind ventricular 
t.iehj eardia, with complete dissociation of the two rhytlmis; the .'uiricular rate is 
200 per minute and that of the ventricles is from I71.-1 to IS-l.O per minute. 
Auricular waves can be cle.-irly discerned in the central portion of Le.'id II and 
throughout most of Lead III. 

On the etening of the t wenty-ciglith, the alternating ventricular complexes were 
Hot continuous; comidexes of normal form were pre.sent in considerable numbers 
"I re.sponso to auricular impulses, but with delayed A-V conduction. A selection 
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from ;i typical record of tins period appears in Fig. 9, a, where the onset of a 
paroxysm is shown; partial A-V heart-block is iiresent in the earlier portion of 
the curve. In the middle tracing of the figure, also Lead I, the offset of a paroxysm 
is registered, but from a record obtained some liours earlier tlian the upper curve. 
The lowest record of the figure represents the same paroxysm of which the beginning 
is shown in the upper record. The auricular rate during the paroxysms shown in 
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jTic, 10. — Case 3. Leads I, II, and III of one of the lon^ paroxysms on Aug. 28. 

.Aleasurements of the duration of ventricular comple.xes are shown m Lead I; t^ 

length of interventricular Intervals is indicated in Leads I ign^th 

that the degree of aberration of any complex bears no constant i elation to the lengt 
of the pausi preceding it. Auricular rate, 19G.5 to 198; ventricular rate varies from 
ITO.-i to 1S1.3 per minute, (x ri) 





Fig. ll.-case 3. Two portions of ^ single, strm of Lead 
crpUngfth7Ton4"^^^^^^^^^^^ ^’^e pSjnl elopironS. Tiie 

-ti^icu.^r rate during the parox.sm 

is 16G.6 per minute. 

this figure is from 196.5 to 200 per chosen for measure- 
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the form of iudivicliml ventricular deHections that may occur without alTectiiig the 
regularify of the alternation in direction, 

rig. 10 represents the three usual leads of an elect rocardiogram obtained during 
one of the longer paroxysms. The change from an irregular to a regular alterna- 
tion in the direction of the ventricular complexes is adminibly shown in Lead II. 
Measurements of the actual duration of individual ventricular complexes are showii 
in Lead I; they are given for the sake of comparison with the lueasuremcnts 
of the normal complexes in the .same lead. The significance of the ditTcrences in 
the length of interventricular intervals, as indicated in Leads I and III, will re- 
ceive comment in the later discussion. The auricular nite in this figure is from 



u.sual leads, Tliere is a brief alternating paroxysm in 
ami ttt "t-i aurieular waves after the paroxysm in Leads XI 

and III. The initial beat of the paroxysm is clearly premature. 


19G.5 to 198 per minute; the ventricular rate is quite irregular and, in the measured 
portions, varies from 170.4 to 181.3 per minute. 

Of considerable interest from the standpoint of the mechanism involved in the 
alternating tachycardia is Pig. 11. It represents two portions of a single strip of 
Lead III; five normal beats intervene between the two and are omitted to s.ave 
sp.aee. In the upper curve there is perfect coupled rhythm, each normal complex 
being a lesponse to each third rhythmic auricular impulse. The auricular rate is 
200 per minute; the total ventricular rate is 128.5. In the lower lialf of the 
guie the second and fourth beats are ectopic, one of them identical with those 
^lonn in the upper curve and the other apparently arising in the opposite ventricle, 
he sixth complex of the lower curve ushers in a paroxysm of the alternating type,- 
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V ^ that the complexes whid, compose it are almost ideatical 

in form Mitli the two ectopic beats preceding it. T|,g a„,.ieuiaj. rate coatimies 
unchanged at 200 per minute throughout the paroxvsm, while the rate of the 
ventricles at the onset of tlie tach.vcardia is IGO.O. 

Pig. ■represents the throe usual leads of an electrocardiogram obtained on 
August ^ 30. A brief paro.xysm consisting of seven beats is shown in each lead, 
and it is to be observed that the form of the auricular complex changes inateriall.v 
aftei the paroxj’sm in Leads 11 and III. The beat that initiates the paroxvsm is 
in each instance clearl.v premature. 

The final selection from tlie records of this patient is shown in Fig. 1.3. It rep- 
resents the t.vpe of electrocardiograms obtained dail.v during the last two weeks of 
her sta^’ in the hospital. In each lead ectopic ventricular beats are to be seen. 



Fig. 13.— Case 3. Three usual leads, typical of the records obtained froni Aug. 31 
14 TJnrnnl mechanism with occasional ectopic ventriculai neats. 
comp?« in Lea^I maruelfbr^^^ .asterisk is the one nieasured for plating ^ 
in Pi"' 20 Note the striking similarity in foini and size between the ® ^ .ti,, 

of thirfigure and those in corresponding leads during the paroxysms of tachj caidm. 


CoHimeiif.— The eiectrocai’cliogTauhs obtained froin tlii.s patient are ol. 
son-siderable intere.st. Tbe.v way be de.scribed briefly as indicating a 
persistent taciivcardia of both auricles and ventricles, xvitb complete 
A-V dis.soeiation, during the days tvben tlie action of digitalis was pre- 
sumably at its height. During succeeding days Uie tacJiycardia 
periods' became steadily less frequent and of .sliorter duration, aiic 
normal ventricular complexes began to make . 

i-psnonse to auricular impubses, but there was partial A-^ be<u 
with dropped beats. (See Fig. 9. u and M 
auction steadily became less, tl.e .-espouses to auneular -"P'* ; 
.mmci-ous. until eventually no.-n.al mcel.an.sm svas i-osumcd. 


MAUVIX : 


I'AU'.XVSMAh YKNTUUnihAl! TAC’H YCAUDIA 


casioiial ectopic Ycntaicular heals. It is Jiol i)i‘OYcd, but seems ex- 
tremely probable, that llie eYcnts aycvo related to the administration of 
digitalis and disajjpeared gradually as the drug ayos excreted from the 
body. The striking similarity bctxYcen this case and that presented as 
Case 1 is worthy of emphasis; the same general comments might well 
.‘-'crYe for liotli. 

Cask 4. — A woman, tliirty-ninc ycar.s of entered tlie lio.sj)ital on November 
23 beeanse of shortness of breath and great swelling of the body and extremities. 
She stated that .she was known to have bad heart disease sinee the ago of twelve 
or thirteen, but symiitoms had appeared only two years i)revions to admission. For 
a year and a half there was dyspne.-i on exertion, bnt daring the ]>ast six months 
edema had been jiresent most of the time. She refused to restriet her .aetivity 
until symptoms beeame so severe .as to foree her to remain in bed. During the 
past few weeks she had grown rapidly worse. Tlie only faet of apparent signitieanee 
in her jiast history was the oecairrenee of aente rhenm.atie fever in childhood. 



Fig. 14. — Case 


4. Leads I, 
right a.\'i.s 


11, and III ; auricular fibrillation, ectopic ventricular beats, 
deviation, dig^italis inversion of T-wavc.s. 


At the time of entrance to the hospital the patient w.as critically ill. There was 
extreme dyspnea, conspicuous cyanosis of lips and cheeks, and great engorgement 
of neck veins. The heart was considerably enlarged and presented the signs of 
stenosis and insufficiency of the aortic and mitral valves; the rhythm was totally 
irregular and the ventricular rate was ajiproximately 1.10 per minute. There were 
signs of pulmonary and hepatic congestion, the abdomen was distended with fluid, 
and there was extreme edema of the lower trunk and lower extremities. The blood 
Wassermann reaction was negative. 

Course and Treatment.— The patient was .admitted at 1:40 a.m., Nov. 23. Her 
"eight Was 143 pounds. She received digifolin intravenously as follows: 5 c.c. 
at 2 A.M., 1 c.c. at 2:30 A.M., and 4 c.c. at 3 A.Ar., a toial of 14 c.c., equivalent to 
1.4 grams of the powdered leaf, within one hour. At 3:30 a.m., the heart rate had 
fallen to 78 per minute, and remained between SO and 00 per minute until the 
.ifternoon of Nov. 24, when it was found to be between 00 and 100. She was- 
therefore given 0.4 gni. of digitalis leaf by mouth at 8 p.m. On the following 
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iiiovning the heart rate was found to be 
taken at this time showed paroxvsmal 
rate of 183.3 per minute. 


rapid and regular, and an electrocardiogram 
ventricular tachycardia (Pig. 1 . 5 ) mith a 


From tins time until her death three and a half days later there were frequent 
paroxysms of tachycardia, some of them lasting for several hours, most of them 
terminating abruptly after a few minutes. Between the paro.xysins there was 
auricular fibrillation, witli numerous ectopic ventricular beats. So far as could 
be determined by clinical observation, the patient was no worse during the long 
paro.xysins than during the periods of auricular fibrillation with normal ventricular 
late. Death occurred at 2:20 a.M., Xov. 29, two days after signs of pulmouary 
infarction had appeared over the right lower lobe. 



Fig. 15— Case 4. a and Lead I during and just aftei the usual ^ Pe o 
oxysmal tachj-cardia. c and d. Lead III showing onset and offset f ^ sin dai 
oxysni. The isolated ectopic beats in Lead I are closely similar to those uh 
pose the paroxysm in the same lead. 


Autopsy.—Theve was e.xtreme edema of the entire body except the face. There 
was a large quantity of free fluid in the abdomen and in both pleuinl eavi 1 ■ 
The parietal pericardium was firmly adherent to the left pleura, the -•> 

the sternum; the pericardial sac was obliterated by adhesions. The 
attached pericardium weighed 630 gm. The wall of the right «»tnc « . 

mm. in thickness: that of the left was from 16 to IS mm. There - 
mural thrombus in the right auricular appendage. The tricuspid an l ^ 

valves were normal. In the left auricle there was a huge thrombus, Iju. 
Zekness, covering the entire wall e.xcept the small portion leading into 
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funnel-shaped mitral orifice; the thrombus extended into and solidly filled the 
greatly dilated left auricular appendage. There ivas advanced stenosis of the 
mitral orifice, the opening measuring 1 cm. by 0.5 mm., lying at the bottom of the 
rigid funnel typical of extreme stenosis. The tissues surrounding the slit-like open- 
ing were rigid and calcareous. The papillary iiiuseles were greatly hypertrophied ; the 
chordae tendinae were shortened and very thick. The aortic orifice was triangular 
in shape and measured less than 4 mm. in its greatest diameter. The valve cusps 
were fused and greatly thickened. The intimal surface of the aorta appeared 
normal. 

Over most of the right lower lobe of the lung the pleura presented the picture 
of acute iiiflamniation. The lung tissue of that lobe showed extensive infarction. 
The branch of the pulmonary artery supplying that portion of the lung was almost 
closed by a thrombus which e.xtended for several centimeters along the vessel and 
was firmly attached to the wall. 

The microscopic sections of the heart revealed both acute and chronic inflammatory 
processes in the pericardium. The muscle fibers were extremely hypertrophied, 
with irregular gigantic nuclei. There were small scattered areas of fibrosis. There 
was diffuse infiltration of the interstitial tissue, especially in the left ventricle, 
with mononuclear and polynuclear cells. Ty^Mcal Aschoff bodies were present. 



Pig. 16. — (x 9/11) Case 4. Lead III, showing a period of coupled rhythm followed 
by the onset of a paroxysm of tacliycardia. The downward deflections of this par- 
oxysrr\ are almost Identical in form and size with the preceding ectopic beats. 


There was a widespread acute inflammatory process in and about the walls of the 
smaller coronary arteries, and a similar process in the wall of the left auricle; 
in this chamber, the inflammation extended to the endocardial surface, which was 
entirel}' covered by thrombus. 

Comment . — In this case, as in the preceding one, ive have to deal 
with paroxysms of tachycardia arising in ectopic foci and apiiarently 
bearing a definite relation to the administration of large doses of 
digitalis within a short time. Most of the recorded paroxysms in this 
ease were of the form shown in Fig. 15 ; it is unfortunate that only 
a few beats of the alternating mechanism ivere successfully photo- 
graphed, but there can be little question that the last feAV cycles of 
Fig. 16 represent the same type of abnormality as that shoAvn in the 
preceding eases. 

Case 5.— A man, seventy-four years of age, entered the hospital on May 15 
because of weakness, difficulty in breathing, and swelling of the body and ex- 
tremities. Symptoms had first been noted about four years previously, and had 
gronn gradually but steadily more severe until one year before his admission. 
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»l,™ l,c l,„,I 10 0 l,a,Kl 0 „ ,v,„-k. For II, c post fe,, , 

h, 0,1 „,,„gl,l ,0 li„ri„g 1 ivoote 

iidnifT ]us ciiti'^, lio bccdinc very imieli worse, ' ^ 

E.v.-iH)h,.-,fio„ s!,ooed eAfreino ey.-u, osis of faee, L.-nuls, feet, and niueons surface.! 
,1 here was ortl.o].nea and dyspnea, and a frequent productive cough. The l.eart 
M-as greatly enlarged, the a])ex inipulse l)eing hi tlie anterior axilla in the sixth 
Jiiforeosta! space, and the right border of percussion dullness 4 cm. to tlie rigid 
of the median line in the fourth intercostal space. The rhvthm was reeuiar the 
rate 100 jier n.iuute. There wa.s a soft systolic murmur j„ the region of "the ape.v. 
There was advanced sclerosis and tortuosity of the peripheral vessels; the blood 
pressure was 1!1fl mm. Jig. systolic, 110 mm. diastolic. There were signs of eoii- 
gmstion at the bases of tlie lungs, the liver edge was S cm. below the costal border 
in the right inidel.-nicular line, and there w.as evident ascites. The entire hotlv 
lielow the level of the lower ribs was extremely edematous. The blood Wassermauii 



Fiff. IT. — Case 5. Three u.sual leads. .Vlternation in the direction of the ventncular 
dcncctions occurs in bead HI only. Auricular waves cannot be disceimed. The ve»- 
tricular rate is ISO per minute in bead I, IH.-I in bead II, and 15G.52 in bean 111- 
Xo record-s were obtained from this subject after the conclusion of tiie tachycardia. 


was negative. The clinical diagnosis was arteriosclerosis and hypertension with 
licart disease; advanced congestive heart failure. 

Course and Trrtil mciiC— The jiatient was admitted late in the afternoon of Jlai 
l.T. 11 is weight was not determined; it was estimated at about IGO poimds with 
edema He received the tincture of digitalis by mouth as follows: May lo, «•<=■ 
at S r..w., and 4 e.e. at midnight; May IG, 4 e.e. at 4 A.M., at S A.M., and at 
noon: a total of 2d c.c., equivalent to 2.5 gm. of the powdered leaf, withm . 
period of sixteen hours. Late in the afternoon of May IG, the ^ ^ 

noted as very much more rapid than it had been in the mornmg; tnchj n d 

was still present on the following day, and an f J 

(Mav 17). It showed, in Lead III onl.v, the alternating type of 
iS-whieli this paper is eoiieerned. Leads I and II 
as probably indicating paro.xysmal ventricular tachycardia 

equally well represent paroxysmal tachycardia of .luiie lona o ig , ;,s 

and notching of the ventricular eomple.xes in that event won i 

r„lr.tg pfe b.„„.l.-b«„cl. block OS dos .. »be™...„ .odoce.! b, 
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rapid rate. Unfortunately, no record was obtained before or after the tachycauha, 
so no decision as to the nature of the meelianism is possible. The rapid rate eon- _ 
tinned apparently without change, until the evening of itay 17, and was again 

present for several hours on the day following. 

The patient grew steadily worse and died on May 20. Pennission for post- 
mortem examination was not granted. 

Comment.— 'The .study of this ptitieul was far from complele, but it 
lia.s seemed desirable to include bis record with the othcis bi cause it 
serves to emphasize the same time-relationship between tlie adminis- 
tration of digitalis and the onset of ]);troxysmal tachycartlia ol a vei\ 
unusual type. An elderly man, he received an amount of digitalis 
greatly in exce.ss of the calculated reipiirement, and received it Avithin 
an extremely short time. A few hours lati'r the heart was being 
drii^en by a nev’ mechanism Avliich persisted lor the bi'tter jiart ol 
tAVO days. It is not known whether this new mechanism Avas of the 
alternating type most of the time, or whether alternation occurred 
only infrequently; nor is it a matter of great consecjuence. Tin* im- 
portant fact is that in this patient, as in the four iireceding ones and 
in all .similar recorded cases, the altei-nating type of ventricular de- 
flections occurred during paroxysms that Avere apparently induced 
bj' large doses of digitalis. The comjilete evidence will be considered 
in a moment. 

DISCUSSION 

As stated earlier, the chief rea.son for placing the accompanying 
curves on record is that they aiipcar to yield information as to the 
nature of the tachycardia. AVe are uoav in jiosition to consider briefly 
the important features of the electrocardiograms and to summarize the 
evidence they pi'ovide as to the location of the pacemaker during the 
periods of tachycardia Avith regular alternation of upward and doAvn- 
Avard ventricular deflections. It is to be reemiihasized that we are 
not noAV concerned Avith other forms of ventricular tachycardia, such 
as that shoAvu in Fig. 1.5, nor Avith other disturbances of rhythm that 
may preA^ail occasionally in the same patients, except in so far as they 
serve to throAv additional light upon the main point. The curves 
reproduced have been selected from the large number available in an 
effort to illustrate the origin of the ncAv mechanism rather than the 
numerous minor differences that may occur from day to day in the 
form of the ventricular deflections during such paroxy.sms. It is 
recognized that Case 5 has no importance in this re.spect. ITie folloAA^- 
ing discus.sion is based, therefore, largely on the first three cases 
presented; the last tAvo have been included because they streindhen 
the evidence in respect of the role of digitalis. The evidence AAdll be 
clrscussed as a AAdiole instead of separately for each patient. 

.seems clear that the impulses responsible for the rapid ventricu- 
lar rate may conceivably arise either within or above the ventricles 
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■ ^ 1 they are presmuably generated alternately 

in right and left chambers; if above the ventricles, they are presum- 
ably transmitted alternately over right and left divisions of tlie 
un e, luth partial or complete bloeldiig of transmission over the 
ot lei blanch. These two possibilities have been recognized bj^ all 
who liave discussed the matter=^- ^ ; there is a third one which will 
be considered later. 


Now the form of the ventricular complexes during these paroxysms 
is very similar to, and in many'^ instances identical with, that of 
ectopic beats arising in the ventricles, rather than with the complexes 
seen in instances of known biindle-bi’aiieh block. The total duration 
of the ventricular deflections is frequently ivithin normal limits, and 
there may be eomplete ahsence of the characteristic notching ob- 
served in the clinical curves of bundle-branch lesions, and regarded 
as indicating siiread of the impulse to the homolateral ventricle. 
This fact has been mentioned by Felberbaum as an argument against 
a supraventricular origin of impulses. But the argument rests upon 
the assumption that there is complcie blocking of imi^nlse transmission 
alternately on right and left sides, and it is far from certain that such 
an assumption is justifiable. It may be assumed, with equal reason, 
that there is a delay in bundle-branch conduction, without complete 
blocking, due to lengthening of the refractory period of the branches, 
with consequent alternating preponderance of right and left ven- 
tricular effects. This possibility has been emphasized in connection 
with the examples of changing ventricular complexes in complete 
heart-block reported by a number of observers and thoughtfully dis- 
cussed by Korns® and by Gilchi-ist and Cohn.'’ Korns concludes tliat 
the change from upward to downward ventricular complexes in his 
case of auricular fibrillation wdth high grade A-V heart-block is due 
to variations in the refractory period of the bundle-branches, a con- 
stant focus of impulse formation being above the bifurcation of the 
bundle; Gilchrist and Cohn regard the changes in the direction and 
form of ventricular complexes in their patients as due to a shifting 
of the impulse center from one side of the bundle division to the 
other. The experimental work of Wilson and Hen-mann^® strongly 
suggests that the latter explanation is the more likely one in cases 
wdiere the changes in the ventricular complexes are associated with 
complete heart-block. A detailed consideration of the two views 
would carry us far afield and is not necessary at present, for the 
curves here presented afford definite evidence in favor of one of them. 
It is important to point out, hoAvever, that the eAudence derived from 
the mere form of the complexes is not decisive. 

An indication that the ucav pacemaker probably resides ndthm the 
ventricles is found in the irregularity of rate during the maintenance 
of the paroxysm. Luten has argued, and logically, that the absolute 
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regularity of rate in Iiis curves is in favor of a single focus of impulse 
formation, rather than separate foci in the two ventricles. The argm 
ment loses foi'ce if it can be shown that rcgvilarity is not an in\«ui- 
able, nor even a freciuent, chai*acterislic of the paroxysms. Parox- 
ysms of tachycardia arising in the supraventricular tissues are 
notable for their regularity"; 1ho.se arising in the ventricles are 
often slightly but distinctly irregular, as has been pointed out by 
several author.s"’ and emphasized by titroiig and Levine.'" Irregu- 
larity is a feature of practically all paroxysms registered in the pa- 
tients here reported; in some of the acconp^anying curves the varia- 
tion in interventricular intervals is sufficiently great to be apparent 
on easual inspection; in other.s. careful measurements disclose sig- 
nificant difi’orcnccs. (See Figs. 1, 8 e. and 10.) This irregularity is 
I’egarded as an indication that the ectopic impulses arose within, rather 


than above, the ventricles. 

In the .second place, curves obtained from several j)atients between 
paroxy.sms exhibit tyj)ical and tinqueslionablc eetopic beats arising in 
one ventricle, and these beats are similar in form and size to those of 
the paroxysm which are in the .same direction. The occurrence of beats 
which can be unhesitatingly identified as originating in the ventricle, 
and their close similarity to beats later occurring in rapid seciuence, 
speaks strongly for a common site of origin of the two. Tliis j^oint 
has been emphasised by Robinson and Herrmann' as important in 
distingui.shing between paroxy.smal tachycardia arising in the ven- 
tricles and that arising in the .supraventricular tissues; it has also 
been stressed by Felberhaum, whose iiatient .showed isolated ectopic 
ventricifiar beats. Occasionally it is po.ssible to compare, in the same 
lead, isolated ectopic beats and those which initiate a paroxysm of 
tachycardia; in most such instances (Pigs. 3 c and 16) it is found 
that these single ectopic beats stand in the same relation to the pre- 
ceding normal beats as do the initial beats of the paroxy.sm to the 
normal beats that precede them. 

There is considerable variation, even in a short stretch of the parox- 
y.sm, in the form of the ventricular com])lexes, variations which })jighl 
be thought to represent varying time-relations of the levo- and dextro- 
cardiogram. These variations ai’c ustially not sufficiently great to per- 
mit the .statement that they afford evidence of intraventricular origin 
of impulses, for similar alterations may conceivably occur Avhen the 
ventricles are resjjonding to su|>raventricular impulses if tliere are 
variations in the refractory period of the bundle-branches (Korns). 
In some of the curves, however, there are occasional beats which, while 
preserving their regularity of alteration, show such conspicuous altera- 
tions in form as to make it improbable that they arose in the same 
focus as those which stand on either side of them. (See e,specially 
Pigs. 8 d, 9 c, and Lead III of Pig. 10.) If it is assumed that these 
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Sr,' impute, ,vith 

a tciMte ictraclormass „t „gh,, a„a i„£t b.m.lk-brenehes, then the 
u uinge ,,, loi-n, of any heat sliouM bear a lairly constant relation to 
t le leu-itli of the time interval preceding it— in other words, tlie shorter 
the diastolic jianse, tlie greater should be the change in tlie coiiiplex 
that teiniinate.s it. But this is not the case; some of the most ex- 
treme alterations occur after pauses as long as, or longer than, those 
which precede the unaltered complexes. This is true whether the 
Bine interval between succe.ssive complexes is considered, or only the 
interval between successive complexes in the same direction. This 
variation in form may be satisfactorily explained on the assumption 
that the beats arise alternately in the ventricles, but not always at 
precisely the same level of the conduction system; it is very difficult 
to explain it iiiion the assunijition that they arise above the bifurca- 
tion of the bundle. 

The second ease provides additional evidence bearing upon the 
origin of the impulses during the paroxysms of tachycardia. This 
patient was knoAvn to yield curves characteristic' of left bundle- 
branch block ; numerous exanijiles were obtained before and after the 
occurrence of the tachycardia, and all were alike. Now if it is as- 
sumed that the ])acemaker during the tachycardia is above the bi- 
furcation of the A-Y bundle, it is necessary to assume further that 
impulses reach and involve the conduction .system of one ATUtricle 
before that of the other, and that they do so in an alternating fashion. 
Expressed otherwise, the assumption is that the tir,st impulse reaches 
the left A'entricle before it does the right, the second reaches tlie 
I’ight A’entriele before it does the left, and that the stimulation con- 
tinues in this manner. Tliis is a A'ital and inevitable ]mrt of any 
explanation that assumes the location of the pacemaker above the 
bifurcation of the bundle, for the initial portions of alternate com- 
plexes in the.se curves repre.sent right and left ventricular effects. 
But in this patient it is impossible for any impulse originating above 
the ventricles to reach the left ventricle before it does the right, 
because, in the presence of left bundle-branch block, such impulses 
can reach the left ventricle only by spreading through the interven- 
tricular septum from the conduction system of the right ventricle. 
The only conceiAmble manner in Avhich the left ventricle can be in- 
A'olved /irst is for the iinpAiIse to originate in that chamber beloAV the 
level at Avhich the bundle-branch is injured. That this is the probable 
event is also indicated by this comsideration : the average duration ot 
the ventricular complex of this patient Avhen the heaid is respomlmst 
to sinus iinpuhses is approximately 0.11 second (Fig. b). 
mav .safelv be taken as indicating the least possible time in which an 
impulse can pass through the conduction pathway of 
triele and spread through the septum to involve that of the left, 
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llio tilin' is iilU'i-od by rapid boatiiifr it ^Yill In' iiu-rrascd rallu'r than 
sliortoiK'd ; a kiiowii and IVi'qupnt onVct <d' sinipln paroxysmal tacliy- 
eardia is to widmi tlio vpntricular com])U'xpK. Yol it is found Unit 
tlio ventrionlar dotU'ctions durinir llm paroxysms of lacliyeardia in 
this patient are of miicli sliortor duration tliaii tliosc' diiriii": the nor- 
mal sinus rliytlim; by actual moasurmin'iit tlu'y avorajro ap]iroxi- 
matoly 0.08 .soeoiid. or about O.O:} second less tliaii the nonparoxysinal 
beats ill the eorres])ondiii^ lead (Kii*-. (»). This is a (.'onspieiioiis and 
sifriiitieaiit decrease; it can be explained in but one nmy, namely, 
that impulses are arisiiijr within the vi'iitrieles. 

The oeeiirrenee of auricular waves duriiifr paroxysms of tachy- 
cardia. distinct from and at a slower rate than the venlricnlar com- 
plexes, has been meiitioin'd not infreipienliy since the appearance oi 
Kobinson and Herrmann’s pajier' as an indication that the paroxysms 
in <iuestion are of ventricular orifrin. It may certainly be repirded 
as an indication that tin' paroxysm did not arisi' in tin' auricle, but 
it is by no means clear that the prcsenei' of auricular waves ('xcludes 
the possibilit.v oi’ orijriii in the jiinetioiial tissues. For this ri'ason. 
and because the <iuestion of auricular orijrin has not arisi'ii in con- 
nection with any case of alti'niatiuir ventricular tacliycardia, no em- 
phasis has bei'ii laid upon the occurrence of rhytliniie auricular sum- 
mits in the present curves. 

There is a final ti'st which may be applii'd in an elTort to determine 
whether the ventricular coni]ilexes in these ('leclrocardiofrrams repre- 
sent beats arisintr in the ventricles, or aberrant responses to supra- 
ventricular impulses. Lewis” lias shown that the normal ventricular 
complex is a suinmation of rijrlit and left ventricular elVects; that if 
these efi'ects are sejiarated by producing first a temporary block of 
the rifilit bundle-branch and then of the left, the al^n'braic summa- 
tion of the correspoiidiiifi- electrocardio^rajdiie curves will yield com- 
plexes identical in all important resiiects with the normal ones. In 
order to apiily this test it is iiece.ssary to plot out llie complexes ac- 
curately to scale. This has been done for the curves of Cases 3 and 


2; the method is sufficiently indicated by Fi<rs. 18, 11). and 20, The 
third and fourth ventricular deflections from the ri<>ht-hand end of 
Lead I in Fip;. 8 have been carefully and repeatedly measured by 
means of a comparator, and plotted to .scale as shown in Fig-. 18. A. 
and B. The eoiniilex resulting from their algebraic summation in their 
presumabl.v normal time relations is shown in Pig. 19, and is to be 
compared with the outline of the known normal for that load, .sliown in 
Fig. 20. The measured normal complex is the third one following 
the ectopic beat in Lead I of Pig. 13; it is marked by an asterisk. 
The wide divergence of the tAvo outlines needs no comment. 

But, it is not sufficient thus to summate the plotted figures in their 
apparently normal time relations; they must be .shifted with refer- 
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Mill suffice to say tliat the plotted outlines have been 



Fig. 18. — Typical upward and downward ventricular complexes of the paroxysms 
of Case 3 have been redrawn to scale. A represents the fourth comple.x from the 
right hand end of Lead I in Fig. 8 ; B represents the one immediately following. 


moved with reference to each other so that first the levo-cardiogram aad 
then the dextro-cardiogram took precedence, the shift being 0.02 
second at a time, until the divergence from the normal became 
steadil 3 ^ greater. It was found impossible to arrange them in such a 
relation that their summation resulted in an outline resembling tiie 
normal. 

The same procedure has been followed with the deflections of Figs. 
5 and 6, although it seemed clear for the reasons already given that 
these ventricular complexes could not represent responses to supra- 
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ventricular impulses. It mas again found impossible to place the 
plotted outlines in any relation such that their summation would 
yield the widened complex representing the invariable response to 
supraventricular impulses in this patient. 

The complexes in Fig. 1 have not been similarly plotted because it 
is clear at a glance that the actual value of the downward deflections 
in Lead I is much greater than that of the upward deflections; it is 
impossible that their algebraic summation should result in a purely 




Fig. 19. — The curve wliich results from the 
algebraic summation of the outlines in Fig. IS 
in their presumably normal time relationship. 
This is to be compared with the known normal 
complex for this lead, shown in Fig. 20. 


Fig. 20. — A n o r m a 1 
complex of Lead I of Case 
3 redrawn to scale. The 
actual complex chosen is 
that Indicated by an as- 
teri.sk in Fig. iL 


upward complex, no matter how the two outlines might be placed 
with reference to each other. Yet the known normal complex for 
this lead is an upivard one (Fig. 4). Precisely similar arguments 
apply to Lead III of Fig. 1, in which the net value of the upivard 
.complex is nearly three times that of the downward one. The two 
measurements cannot possibly combine in such a way as to produce 
a dovmward complex ; yet the known normal for this lead is downward. 
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1 or the rea.sjii.s .nist o,ve„, it is regarded a« fairly certain dial tl.e 
entncnlar deflections m these tliree patients do not represent eithev 
partial or complete lilocking- of .snjirarentricular inundses in the hniulle- 
branches. that is. tliey are not actually levo- and dextro-cardiom-ams 
nor even a .summation of tiie tivo in differing time-relations. This is 
important evidence that the impul.se.s re.s]ionsible for these deflections 
actually arise ivitliin tlie ventricle.s. 


Nainrc of the Poroxi/funal 'forh!/car<hia.--l£ the evidence jnst jire- 
sented is accepted as indicating tliat t)ie almonual nieehani.sm has its 
origin Avitliin, rather than above, tlic ventrie]e.s, tliere i.s a furtlier po.s- 
sibility that reijuires consideration, although, being largely hvpotheti- 
cal it need not receive extended discussion. It is that tlie mecliain.sm 
1 e.spon.sible for tin's cuidou.s disorder is a circus movement in the ven- 
tricle; that tliere is a circulating wave of excitation, .similar to that 
occurring in the auricle in eases of auricular flutter and anricnlar 
fibrillation, pursuing a ]mth relatively fixed and constant tliroiich the 
ventricular tissue, hut not necessarily in the same jilaiie in different 
patients or in the .same patient during different imroxy.sms. The pos- 
.sibility is suggested by .several charaeteristies of the ciirve.s, but it i.s 
.supported mainly by the following considerations. Levy and Lcwi.s’'’ 
haA’’e obtained, from exiieriniental animals under chlorofonii anes- 
thesia, curves preci.sely analogous to those illustrating the present 
paper and have stated that this type of rhythm preceded the on.set 
of ventricular fibrillation by only a few seeond.s. In a later paper, 
Levy'" again explicitly states that tlie tachycardia characterized by 
alternate upward and downward ventricular com))lexes (regarded by 
Iiiiu as extrasystoles generated alternately in right and left ventricles) 
often terminates in ventricular fibrillation, and the actual transition 
from one to the other is clearly dejiicted in bi.s Fig. 4. Furthermore, 
lleid"' has published records from a human case illustrating alternating 
tachycardia folio^Yed ^Yithin a few seconds by ventricular fibrillation; 
the actual transition was not photographed. The number of instances in 
which this alternating tachycardia lias been recorded in either human 
beings or experimental animals is .small, yet it seems clear from these 
examples tliat there is a close relationship between the tachycardia and 
ventricular fibrillation, and it is at least conceivable that tliey repre- 
sent earlier and later stages of the same disorder. Now tliere are many 
reasons for believing that ventricular fibrillation is due to circus move- 
ment in the ventricle; the evidence in support of that belief is so 
strong that it has led to general acceptance; it is lucidly and convinc- 
ingly stunmarized by Lewis, and need not be repeated here. It alter- 
nating tachycardia is clo.sely related to ventricular fibrillation, and 
fibrillation i.s due to circus movement, it is possible— even proliab e , 
that the tachycardia is itself due to the same mechani.sm. Tlie eoin- 
paratiye regularity of the complexes and their relatiye constancy ot 
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form clnrino' the alteriuiting tachycardia would make it necessary to 
regard it as more nearly analogous to auricular flutter than to auricu- 
lar fibrillation; that is, the circulating excitation wave pursues a 
longer and more nearly fixed path in ventricular tachycardia than in 
ventricular fibrillation. There is apparently nothing in the accom- 
panying curves or in the know}\ facts regarding ventricular fibrilla- 
tion inconsistent with the belief that both may be due to the same 
fundamental mechanism. 

The suggestion has been made briefly by others- that paroxysmal 
ventricular tachycardia of the usual form (in which there is no alter- 
nation in the direction of the ventricular complexes) might be due to 
circus movement. The i'acts supporting such a belief have been mar- 
shalled and carefully considered by Lewis,''' who concludes that the 
CAudence is not sufficiently decisive to warrant a final .statemeiit. It 
is believed that the relationship between the (tllcrnaiivij tachycardia 
and circus movement is a little closer than that betAveen the \isual 
paroxysmal tachycardia and circus movement, becanse in the former 
case the actual tiansition to ventricular fibrillation has been shoAvn 
to occur. 

The argument need not be i»ressed, for it has not yet been finally 
proved that ventricular fibrillation is in fact due to circus movement, 
although the evidence is so OA'erAvhelming as to admit of little doubt. 

Role of Digitalifi. — The part jflayed by digitalis in the deA'elo])ment 
of this abnormal rhythm may be indicated briefly. It is knoAvn that 
digitalis often causes ectopic ventricular beats as an early manifesta- 
tion of intoxication ; it is knoAvn that ecto])ic beats in such circum- 
stances may be increased in fre(|uency uj) to the point of regular 
coupled rhythm by continued administration of the drug; it is knoAvn 
that ventricular fibrillation may be provoked in experimental animals 
by its intiaA'enous injection.''' There is strong evidence that exces- 
sive doses often cause paroxysms of A'entricular tachycardia of the 
type usually encountered, in Avhich the complexes are of one forni.^ 
IMien these suggestive facts are coupled with the obserA’ation that 
in eA'ery instance here reported and in all those preA'iously obseiwed, 
the disturbance followed the administration of large amounts of 
digitalis, and that in one patient tachycardia disappeared AAdien the 
drug Avas stopped, only to reappear Avhen it AA'as again giA’en, there 
can be little question that this form of tachycardia oaa'cs its inception 
to the administration of excessiA’e quantities of the drug. 

ihe relation of the dose of digitalis to the body Aveight cannot be 
ascertained precisely in any of the fiA'e patients. If the theoretical 
amount required for therapeutic effects is calculated on the basis of 
body Aveights, according to the Avell-knoAvn method of Eggleston, it 
seems clear that excessive quantities Avere given to the patients pre- 
sented as Cases 1 and 5. But these patients Avere Aveighed Avhile 
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edematous; the actual body M-eiglit was estimated, and was tlioiwlit 

0 e not more than 115 and 140 pounds, respectively. The second 
and third cases had received digitalis before admission to the hos- 
pital, the exact amounts being unknown; the total dose, therefore 
cannot be definitely stated. The weight of the fourth patient was 
probably 120 pounds or less, and she received 1.4 gm. of digitalis 
within a period of one hour, without apparent ill effects. A single 
dose of 0.4 gm. forty-one hours later was follo^ved by paroxysms of 
ventricular tachycardia. Even if it is assumed that the total amount 
(1.8 gm.) Avas present and active in the body at one time, the dosage 
is not greatly in excess of the calculated requirement. It must be 
kept iii mind that amounts as large as, and cA^en larger than, those 
used in the iiresent eases liaA'^e been administered to other patients 
Aidthout the subsequent deA'^elopment of alternating A^entricular tachy- 
cardia. Careful consideration of the doses and the circumstances in 
Avhich they Avere used leaAms the impression that there are probably 
factors other than the total amount of digitalis AA’hich may be re- 
sponsible for the onset of the mechanism under discussion. 

It is possibly of significance that all of the patients mentioned in 
the present paper suft'ered from adAmnced congestive heart failure; 
it limy be questioned Aidiether similar doses of digitalis Avould have 
precipitated taehjmardia in hearts less severelj^ injured. AVhetlier 
the size of the heart is an important factor is not clear; it is possible 
that onlj^ enlarged hearts are capable of spontaneously originating 
and sustaining a mechanism thought to depend upon circus move- 
ment in the A’^entricle; that is suggested by the obserAmtions of 
MacWilliams-® and of Garrey,-^ and by the fact that all recorded 
examples of the alternating tachycardia occurred in patients Avitli 


Amrj^ considerable enlargement of the heart. 

It is of some interest that three of the five patients did not suffer 
from headache, nausea, or vomiting. The record of one of them 
does not mention these symptoms and presumably they Avere absent, 
but a definite statement is not Avarranted. These symptoms occur 
Aidth such uniformity as early manifestations of intoxication that 
there is an apparent tendency to believe that digitalis may safely be 
giAmn until they appear. Such a rule may possibly be folloived vitb 
safety if the drug is given relatively sloAvly over a prolonged period; 
that it may be umAUse Avhen large doses are used is sufficiently sliovu 
by the present eases. Yellow vision, mentioned as an occasional toxic 
manifestation of digitalis, did not occur in any of the first four cases 
here reported; it is not knoAvn Avhether it Avas present m the b i- 

From the standpoint of immediate practical application, the imp i 
cations are clear. Any significant increase in heart rate, wi^ioiit an 
obvious physiological cause, in a patient who is receiAung digitalis, 
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any apparent failure of digitalis to sIoav the fibrillating' heart, should 
be regarded Avith suspicion. In either case, digitalis should not be 
continued until an electrocardiogram has been secured. 


SUMMARY' 

Five cases are reported in Avhieh there occurred paroxysms of tachy- 
cardia of a most unusual kind. These paroxysms consisted of regu- 
larly alteiTiating upAvard and doAA’UAA'ard ventricular complexes. Only 
fiA’-e similar examples have been recorded previously. 

Reasons are given for believing that the paroxysms are due to 
ectopic beats arising alternately Avithin the light and left A’^entrieles ; 
the possibility that circus movement in the ventricles may be re- 
sponsible for this abnormal mechanism is briefly discussed. 

In all of the recorded cases, this curious ventricular tachycardia 
seems to have occurred as a re.sult of excessive doses of digitalis, al- 
though the usual symptoms of intoxication may be entirel.y absent. 

The author wishes to express his thanks to Dr. Alfred E. Cohn, who kindly read 
the manuscript and made many suggestions for its improvement, and to Miss 
Mabel Carmichael for the preparation of the electrocardiographic prints.* 
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YVhite have 
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differoef Originally written because the evidence here presented is quite 

sions that of Palmer and AWiite, although leading to much the same conclu- 
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INTUODUCTION 

E NLx'lRGE]MENT of the left auricle i.s a very common event in 
mitral stenosis. It may reach considerable projiortions and as a 
result various complications from distortion of the upper mediastinal 
contents may occur; for example, paralysis of the left recurrent laryn- 
geal nerve, compression and displacement of the esophagus, changes 
in the outline of the right border of the heart and stenosis of the 
left bronchus, and spreading of the angle of the departure of the 
bronchi from the trachea. In this paper 1 vish to discuss the last 
condition. 

Recently a patient came under observation in whom the results of 
narrowing of the left bronchus, due to compression by an enlarged 
left auricle, could be demonstrated. Since this is a rather unusual 
complication of mitral stenosis the case is being report(>d in detail. 


REPORT OP CASE 

F. C., a white man, aged forty-seven years, was admitted to the Medical Service 
of the University of Chicago Clinics January 1928, complaining of “shortness 
of breath and pain in the left side.” The family history was nnimportant. He 
had enjoyed excellent health until a decade ago when he suffered from an acute 
febrile illness which was diagnosed as influenza during the great pandemic. He 
hud never had rheumatic fever. 

Following this illness he began to notice paljiitation and dyspnea on exertion. 
These progressed through a period of two ye:irs, when he was forced to seek 
hospital aid for several months. Following recovery, tonsillectomy was performed, 
and he remained well for three years. That winter (five years ago) he suf- 
fered an attack of ‘ ‘ bronchitis ’ ’ — cough, blood-streaked sputum and dyspnea — 
lasting for several mouths. Similar att-.icks have occurred each winter since and 
during one such .attack two years ago, the second attack of decompensation oc- 
curred. He improved with rest in bed and with the administration of digitalis, 
which he has been taking off and on ever since, but constant cough, the ex- 
pectoration of considerable .amounts of si)utum, dysi)nea and edema in the evening 
have persisted. He lias worked irregularly nevertheless up to the present illness. 

Five weeks before admission sore throat developed, followed by rapid increase 
of dyspnea, cough, edema, and weakness. The amount of sputum expectorated in- 
creased notably, and became semipuvulent in character. Two weeks ago chills 
and fever began and weakness forced him to bed. His condition slowly became 
Worse until the day before admission a stridden, stabbing pain in the left chest, 
augmented by respiratory effort, forced him to come to the hospital. 


'iTom the Department of Medicine, the University of Chicago, Cliic.iRO, Illinois. 
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Admission- Physical Examination. — Temperature 101° P., pulse 120 at apex 102 
at wrist, both totall}’ irregular. Eespiration 42. He was an extremely ill, emaciated, 
dehydrated mau, dyspneic and orthopneie with shallow, labored respirations and a 
constant cough accompanied by expectoration. There was slight cyanosis and no 
edema. The veins of the neck were moderately distended. The precordial region 
bulged, and the apical unpulsc was diffuse, yet forceful, in the fifth and sixth 
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was definite dullness. In this region were nuuij' fine and coarse moist rales, distant 
bronchial breathing and increased voice sounds. Elsewhere the respiratory murmur 
was normal, but rales of various types were heard over the whole chest, though 
not as numerous as at the loft base. Tlie liver was moderately enlarged. There 
was no ascites. 

The urine contained moderate amounts of albmnin and many hyaline and gran- 
ular casts. There were o, 500,000 red blood cells per c.mm. and 15,000 white cells 
with a moderate increase of the polymorphonuclear leucocytes. The blood urea 
nitrogen and creatinine were normal. The IVasscrmaun was negative, and blood 
cultures were negative. Ko tubercle bacilli were found in several examinations of 
the sputum, but numerous pyogenic cocci of many kinds were present. The six 
foot x-ray plate of the chest showed a large hcjirt with enlargement of tiic curve 
between the aorta and left ventricle and secondary congestion of the lungs more 
marked on the left. 

The- clinical diagnosis was "mitral stenosis, cardi.MC insufiiciency and broncho- 
pneumonia at the loft base." 

Course . — The day following adinission a friction rub appeared in the left axilla 
and frank tubular breathing was ho.ard i)ostcriorly. lie was treated with digitalis, 
with rest in bed, and was given a sufficient amount of fluid. Steady improvement 
occurred, although for seventeen days :i temperature of from 100° to 102° persisted. 
The lungs cleared slowly except the signs at the left base. Here impairment of the 
percussion note and moist rales remained, the breath sounds varied from complete 
suppression to an amphoric qualify. The ex])cctorntK)n of sputum, mucopurulent 
in character, varied from 150 to 400 c.c. per diem. 

After five weeks of these persistent signs the possibility of a unilateral, basal 

bronchiectasis, secondary to compression of the left main bronchus by the left 

auricle was suggested. Conseciucntly li])iodol was injected into the trachea, and 
although evidence of bronchiectasis was lacking, the iodized oil clung rather neatly 
to the walls of the bronchi, disclosing a surprisingly wayward course of the left 

main bronchus. The natural downward convexity was disturbed by an upward dis- 

placement, beginning a few centimeters from the origin of the bronchus from the 
trachea, resulting in a somewhat S-shaped curve (Fig. 1). I^Iarkcd narrowing 
was also apparent at this point. X-ray phitcs were then taken during deglutition 
of a thin barium mixture and these demonstrated a displacement of the esophagus 
to the right and backward. 

Following the lipiodol injection, the patient again ran fever for a few days 
and was delirious. He soon recovered and was discharged much improved. At 
present he is still taking digitalis, leading a quiet but comfortable home life, yet 
cough with expectoration of 50 or GO c.c. of sputum persists, together with some 
impairment of percussion and pcrsistancc of moist rales at the left base only. 

COMMENT 

The first report of eases of eoinpre.ssioii of the left main bronchus by 
an enlarged left auricle Avas made in 1838 by King.’^ He presented four 
cases wdiich showed partial collapse of the left main bronchus at 
necropsy. Three of these were apparently cases of mitral stenosis, 
while the fourth urns that of a child, two and a half years old, with 
cerulean blue” cyanosis. The exact type of cardiac lesion is not 
quite clear. Anomalies of both the tricuspid and mitral orifices were, 
how'^ever, present. Both auricles were much enlarged and compression 
of a small part of the right main bronchus, as well as the left, had 
occurred. 
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u 110 ease did compression reduce the lumen to more than one-ha!! 
the original size, and King Avas of the opinion that, for this reason 
pu monary signs are not to be expected during life. He stated that 
the base of the left lung appeared, however, to contain less air than 
the right, that the bronchioles were filled with “turgid material” and 
that the whole base seemed partially solid. 

Later in 1867, Friedreich^ reported a case of high-grade mitral steno- 
sis m a young girl who had “ distention ” of the lower part of the 
thorax on the left side and high-pitched inspiration and expiration 
over the left lung base, particularly near the hilus. These signs liad 
persisted for several years when in 1850 he made the diagnosis of 
compression of the left main bronchus, four years before her death. 
The diagnosis was confirmed at necrop.sy by Virchow in 1854. ' 

In 1889 Taylor'^ reported the neerop.sy of a boy of sixteen with a 
history of heart failure of three years’ duration, clinically diagnosed 
mitral stenosis. No mention is made of lung signs. The heart wax 
very large, particularly the left auricle which held eleven ounces of 
clotted blood. The mitral orifice was but a slit. The left bronehus 


was markedly flattened in an anteroposterior direction, running pos- 
terior to, ratlier tlian above, the left auricle. Tlie changes in the hmgs 
were described as follows: “The upper lobe (left) was retracted, 
showing brown induration. The lower lobe was collapsed — the upper 
two-thirds being almost airless, the lower two-thirds choked with 
coagulated blood.” The rigid lung was merely edematous. 

Between the time of this report of Taylor’s and the beginning of 
the more careful study by German and Austrian workers, scarcely any 
mention of this phenomenon can be found. Two references to such 
condition are noted in hlnglish textbooks, however. The first is by 
WesF who, very briefly', states that the anatomical relation of the left 
auricle to tlie bronehus makes it possible that enlargement causes 
pressure on the bronchus. The other is found in Allbutt and Rolles- 
ton’.s Sy.s'icni of Medicine in the article by' Sansom.’ The description 


here is clear-eut and concise and Is therefore quoted : 

“The left auricle is oceasioualh' so much dilated as to cause ob- 
struction of the left bronclius and thus lead to a series of raoibicl 
changes in the lung which result from its total or partial occlusion. 
These pass through the stages of liyperemia and edema until the jia 
conditions of collapse and induration are reached.” And again, » 
an early stage tlie most important symptom is striduloiis respiiation, 
confined to the left side of the chest and sometimes accompanied hv 
fine crepitations at the left base. After a time there 
percussion without much eliange in fremitus on palpation, ‘ ^ 

explanation of which is, that, although the coudensatioii of ».• 

which is going on, ought to exaggerate the fremitus, the 
lumen of the bronehus interferes with access of sound vibia loi 
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respiratory munnur, in this condition, beeoines liarsh, i)u1 stridor 
masks it. The latest staji'e shows ahsoluto d\illness with total absence 
of vocal fremitns while the respiratory uiunnnr is obliterated. A con- 
siderable dejiree of retraction may be observed in such cases.” 

In 11)10 Stoerk'' made a carel'nl .study of the anatomical relations of 
the mediastinal contents, particularly of the rc'lations ot the chamber 
of the heart to the main bronchi. He demonstrated the fact that the 
left auricle made up the ])osterior and superior ])arts ol tin; heart and 
that the bifurcation of the trachea and main bronchi were in close 
relation just above it, the left main bronchus normally resting on the 
upper surface for a short distance. 

He took measurements of previous observers, Aeby. von IIoA’orka 
and Kohler, conccrnin<r the auj*les of departure of the bronchi Iron) 
the trachea, confirmed them and incorpoimted them with his own fijr- 
ures into a final estimation of the normal aufrh'. 'Phen in eifi'ht cases 
of initial stenosis, he showed tliat the Jiveivij^i* of the aiiirle of deviation 
was inci;eased 110' . The minimal dcdlcction in the pisnip of cases of 
mitral disease was abouT that of the maximal in noimial individuals. 
He also noted that comiiression of the left main bronchus occurred 
frequently. 


Two years later Kahlci'.' hy broncho.scopy. demonstrated durinir life 
a naiTOwiujr of the lumen of the left main hi’onehus in all of thii’teen 
cases of miti-al stenosis obtained foi* study from Kovac’s clinic. In 
one case it was so marked that on bronchoscopic examination the 
openin<r throu‘’'h the compressed area aiipoired only as a slit-like oi'i- 
fice 2 mm. in width. He also measured from the jmint of view of bron- 
choscopy, the upward deviation which occurred. In one of these cases 
.sig-ns of “lung compression” at the left base were noted clinically. 
Two of these cases came to autopsy, and the compi’ession found by 
bronchoscopic examination was jn’csent. ytill more recently. Gabert' 
has confirmed tliese observations of tlisiilacement and compression by 
x-ray, but makes no statement as to the condition of the lungs. His 
is the fir.st x-ray diagnosis of upwai’d di.s)dacement of the left mai)i 
bronchus. He photographed the chest in lateral and anterojmsterior 
views, increasing somewhat the ordinary exposures for heart .shadows, 
and was able to trace the air containing main bronchi dimly. It was 
quite evident that spreading of the bronchi occurred in the cases of 
mitral disease, when compared to his normal roentgenogivims. 

Quite i-ecently Shaw" dealing with enormous dilatation of the left 
auricle to the right, mentions the clinical findings of consolidation of 
the left base and profuse expectoi'ation without comment. Shaw" and 
Bramwell'" also note some di.splacement of the trachea to the right iii 
the .same type of case. The amount of displacement to the right should 
be carefully measured, however, before assuming that displacement 
has occurred, since Kahlei-' noted that in from 57 per cent to 75 per 
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SolH-otte” discusses a cause of elevation of tie left brouetos, re- 
mote front tie present condition, where effusion into the left chest has 
oecurred. This is probably due, he believes, to the fact that the left 
lung and components are floated or pushed upward, causing rotation 
of the trachea and broiielii to the left, and not necessitating a widen- 
mg of the angle of departure. In his second ease, pleural effusion on 
tile right side reversed the process; the right main bronehns was 
piislicd up and the left one ivas loAvered. 


SUAIMARY 

III sunHnai\y, then, bronchial compression by an enlarged left auricle 
has been knoAvn to occur for nearly a century. It is known also that 
due to this cause compression does occasionallj’' cause morbid changes 
in the lung, recognizable elimeally. The knowledge of this phenome- 
non may be of use in explaining persistent pulmonary signs otherwise 
puzzling. At present I' believe that compression and displacement of 
the left bronchus are much more common in mitral disease than is 
supposed, but only infrequently are they great enough to giA'’e rise to 
secondaiy lung changes, such as bronchiectasis, chronic basilar infec- 
tions, and atelectasis. I hope shortly to show that it may also be 
demonstrated by x-ray examination Avhen no pulmonary signs exist 

The present case gaA’e no CAudenee of bronchiectasis by x-ray exam- 
ination, but the bronchial tree AAms outlined and the compression and 
displacement of the left main bronchus Avere apparent. This explains 
readily the persistence of the expectoratioir of sputum and of tlie ab- 
normal pulmonary signs at the left base alone. 
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Xkuvkb to IIkaut-I’pokk 


IIauoi-o li. Otto, M.D. 

Xkw y(»i{K, X. Y. 

I T WAS I’oond tloit iiccplcrjilop ihm-yp spction ciiuspd circuliilory jail- 
iipc if t'Oiiijili'lo li('cii't-l)loi;k was pros(*ii1 llu* location oi wliicli was 
in the vt'ntriele, and that stimulation of the accelerator nerves pre- 
vented this.' Some other etTects of (*xtracardial nerve activity asso- 
ciated with these experiments and some minor jn-oblenis related to 
them were considered of suriieient interest to reiM)rt. The exjieri- 
mental conditions were like those of the ]>revions rcj)ort. 

Effect oj Accetcrator Kn:cr Stimiitdlio)) I'pim the IJrurl Jhilr . — The 
effect of accelerator nerve stimulation iipon the anrieles was similar 
to that which occurs in the ])resenee of the normal sinus i-hythm (Table 
I). The effect n^mn the ventricles was an increase in the visible tone 
and force of contraction for a short time following the stimulation, and 
the action of the two iK'rves in this rejrard was the same. Xo increase 
in the ventricular rate folbuved the stimulation of either lu'rve as is 
the ease in the intact heart, althoujrh the other characteristic effects of 
accelerator nerve stimulation were very strikinir. (Eiir. 1.) 
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Hering- and also Daly and tritarliny:'' obtained an increase in the 
rate of the ventricle by accelerator nerve stimulation in the dog and 
cat. Cullis and Tribe,' however, have also found that the sympathetic 
action on the ventricle was much reduced or absent (rabbit heart), 
although the usual auricular effect was produced. In many experi- 
ments a slow decline in ventricular rate was i)resent, but accelerator 
nerve stimulation did not increase the ventricular rate above that 
Jirst preceding the stimulation. For example, in one of the experi- 
ments, after the production of the block, the ventricular rate was 55 

•Prom the Laboratoiy of the Faculty of AlccUclno in Paris. 
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per mmute. Accelerator nerve stimnlation did not increase it 

(215/50). Fifteen minutes later the ventricular rate was 39 per mm- 

-A. V 

ute and accelerator nerve stimnlation did not affect it (200/40). In 
three animals in which there was an excessive amount of accelerator 
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uerve stimulation a gradual rise oi the vsntoeu ar „f 

which did not exceed the ventricular rate present at the b „ . 

the experiment. An illustration of this is the Mlmvmg-m one of 

dogs after the prodnefion of the bloek tlie rate was 130/45 and Hurt)' 

'minutes later it was 1W24- following ten niiirates’ stimulation of 
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both accelerator nerves the highest ventricular rate obtained whs 
forty-five per minute. Whether this slow rise in the rate was caused 
by the prolonged increase in the auricular activity rather than the 
direct effect of the accelerator nerve.s upon the ventricles could not 
be determined from these experiments. 

The Effect of Adrc'iialin Upon the Adrenalin (0.1-0.2 c.c.) 

intravenously always resulted in the onset of ventricular fibrillation 
when it was administered in the pre.sence of com])lete block. Small 
doses had no effect upon the ventricular rate. 

The Electrocardiogram. — The electrocardiographic changes induced 
by accelerator nerve stimulation in complete block were similar to 
those which occur in the intact heart.^ Right nerve stinuilation caused 
increase in the height of tlie P-wave or if it was iicgative, caused it 
to become positive, and the left nerve stimulation usually caused in- 
version of the P-wave.’ (Pig. 1.) 

The effect of the two nerve.s upon the T-wave was difficult to com- 
pare because the accelerator nerve stimulation very frequently altered 
the form of the QRS complex; and the T-wave clianges induced were 
exaggerated and of long duration. 

It appeared, however, as if the changes which accelerator nerve 
stimulation caused in the form of the ventricular curve were of the 
same character as those in the intact heart, stimulation of the left 
nerve tending to force the T-^wave upward, and stimulation of the 
right nerve tending to force the T-wave downward, i.e., the effect of 
stimulation of each accelerator nerve upon the form of the electro- 
cardiogram was qualitativelj^ similar to that occurring in the intact 
heart. (Pig- 1.) 

The Eelation Between Vagus Stoppage and the Heart-Block. — The 
pre-automatic pause and the rhythm of develoinnent were constant in 
each heart and did not alter with the repetition of the Ifiock if re- 
covery occurred. In one instance, recovery and reinduction of the 
block occurred seven times, and the length of the pre-automatic pause 
and the rhythm of development did not change. This was also the 
ease after the accelerator neiwes had been sectioned. 

' The duration of the stoppage of the intact heart induced bj^ stimu- 
• lation of the right vagus nerve was approximately equal to the length 
of the pre-automatic pause after complete block was established.- 
When escape from stimulation occurred early, i.e., the duration of 
the stoppage was. short, the pre-automatic pause was also short, and 
the onset of idioventricular rhythm was spontaneous and the rhythm 
of development was rapid. If no escape occurred during long stimu- 
lation of the right vagus nerve, the pre-automatic pause when the 
block was induced was always so long that rhythmic tapping of the 
ventricle had to be employed to hasten the onset of the idioventricular 
I'hythm. This relation between the vagus nerve and the pre-automatic 
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pause lias been observed by Erlang-er and Hirsclifelder.'' When dif- 
ferences appeared between tlie duration of heart .stoppage from vagtrs 
stimulation and tlie duration of the pre-automatic pause, the difference 
was one that favored the pre-automatic pause, i.e., the duration of 
vagus stoppag’e was le.ss tliah the pre-automatic pause, which can be 
explained by the fact that .stoppage of the heart from .stimulation of 
the A'agus nerve is broken by the autonomy of one of the points for 
impulse production, viz.— the 8-A node, the A-V node, or the ven- 
tricle.s. Since the inherent rhythmic frequency of the fir.st two is 
greater than that of the A’entricles, the escaiie from vagus stimulation 
occur.s .sooner when it arises at either of these two points. Hence differ- 
ences ought to be in the nature of a longer pre-automatic pause than 
A’agus stoppage, which actually is the case. 

There also was an inverse relation between the duration of heart 
.stoppage during right vagus nerve stimulation and the time required 
for the appearance of the circulatory failure which followed the ac- 
celerator nerve section. Whenever the vagus effect was intense, there 
was a constant tendency for the time before death occurred following 
accelerator nerve section to be considerably shorter than where the 
escape of the heart from vagus stimulation was very prompt, differ- 
ences arising so great as fifteen minutes for the one as against fifty 
minutes for the other. 

Tagtis Nerve Stiiinilation in Heart-Block . — The effect of vagus nerve 
stimulation upon the auricles was tlie same as that before the production 
of the heart-block, and no effect upon the A’entricles directly attributable 
to the vagus nerve stimulation was observed. It was common to ob- 
serve an after-effect of stimulation, an increase in the rate of the auricle 
and an increase in the tonus and strength of contraction of the ven- 
tricle. This was due to the .sympathetic fibers which descend in the 
vagus trunk. . It is of interest to note that the rhythmic stimulation 
of the.se fibers (by rhythmic .stimulation of the vagus trunk after full 
doses of atropin) prevented the onset of the circulatory failure 'whicli 
appears after accelerator nerve section. 

T//e Effect of hitari Vafji in Heart-Block When the Acccterdtor 
Nerves Are Sectioned.— In three animals the vagi were intact, am 
complete block was induced. In th.ese the only effect of section o 
the vagi nerves was a small increase in auricular I’ate. In tv o ot 
animals in which the vagi were intact, and block was induced, t ^ 
accelerator nerves were sectioned. No difference in the usual e ec 
occurred and circulatory failure ensued. Hence, the tonic activity o 
the sympathetic fibers wdiich are contained in the vagus nerve tru v 
were not sufficient to prevent the circulatory failure and death wn 
results from the accelerator nerve section, altliough strong am i 
quent excitation of these fibers did so. 
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The Eelaiion Bcixvccn ihc Ganglia Stellafa and Band Commnni- 
canies. — Singer*' lins stiuliecl the aft'erent (sensory) imtlnvay for the 
nerves supplying the pericarclinni, the epicardiuni, and the first part 
of the aorta and has foinad that the reflex reaction to the stimulation 
of these parts is obliterated by the section of the n. rami communi- 
cantes of the CsD^.^ spinal nerves. He has recommended the section 
of these nerves for the relief of cardiac pain as the alternative to re- 
moA^al of the stellate ganglia upon the' ground that the afferent path- 
Avay only is broken. In three animals, after block was induced, tlie 
rami communicantes to these nerves were sectioned. The main sym- 
pathetic nerve trunk and the ganglia stellata were intact. There was 
no difference in the effects from those Avhich occur AA'hen the ganglia 
stellata are removed. This suggests that the efferent (motor) path- 
way for the accelerator nerve is probably the same (n. ram. comm. 
CsD]-:!) and that in so far as choice of operation is concerned no 
phy.siological distinction can be made between the resection of the 
ganglia stellata and the section of the n. rami communicantes CsD,.;j. 

SUAIMAUY 

1. The effect of accelerator nerve stimulation upon the ventricular 
rate in complete block was found to be insignificant, although its ac- 
tion upon the form of the electrocardiogram is marked. 

2. Adrenalin administered in the presence of experimental block 
caused A'^entricular fibrillation.- 

3. There is a relation between the effect of stimulation of the right 
vagus nerve, the pre-automatic pause of the ventricles and duration 
of life of the heart after accelerator nerve section. 

4. The tonic activity of the sympathetic nerve fibers contained in 
the vagus trunk Avas insufficient to support the circulation in the 
presence of accelerator nerve section although stimulation of these 
fibers did so. 

5. Section of the n. rami communicantes CsD,_., has the same effect 
as the remoA^al of the stellate ganglia. 
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THE EXTEACARHIAL NERVES~IV* 

An Experimental Study op Coronary Obstruction 

Harold L. Otto, M.D. 

New York, N. Y. 

introduction 

ALTHOUGH accelei-ator nerve section does not significantly affect 
tile changes which follow many types of injniy to the heart,' 
the important practical aspects of coronary elositre suggested that it 
Avoiild be of interest to determine its relation to the extracardial 
nerves. The points investigated ivere the effect of aecelerator nerve 
section and v'agus nerve stimulation ujion the closure of the coronaiy 
sinus and large and small arteries, and the associated eleetroearclio- 
graphie changes. Some of the observations included, although not 
directly concerned ivith the problem stated, are closely associated with 
it. Experimental studies upon the effects of coronary . obstruction 
have been made by LeAvis,= Smith,® Gold cf al.,^ and others. Daniel- 
opolu and Marcu® also studied the relation between the closure of 
coronary arteries and the accelerator nerves and have foimd that ae- 
celerator nerve section exaggerates the changes induced by closure of 
coronaiy arteries. 

METHOD ’ 

The expevhnents were made upon dogs ivitli cldoretone narcosis, vagus nerve 
section, artificial respiration, opened cliest and artificially maintained temperature. 
Axial electrocardiographic leading (K.A.-L.L.) was employed and where it was 
considered of interest other leads (E.A.-L.A. and L.A.-L.L.) were added. I" 
twelve experiments the coronary simis wms ligated or clamped at the coronal'} 
dimple, before it opens into the cavity of the riglit auricle. After the accelerator 
nerves were sectioned tliere was an interval of one hour before tlie ligation. 
This lengtli of time was suggested by other observations.^ In the control animals 
the accelerator nerves ■were intact but the same interval was also allowed before 
the ligation. The same pz'ocednre followed with the ligature of the arterie- 
in 24 e.\'periinents. 

RESULTS 

Coronary Sinus.— The ligation of the coronary sinus did not com- 
pletely obstruct the venous flotv because of the venii Thesbesii, 
occasionally this compensatory venous bed Avas large enough to a oa^^ 
a coronary circulation Avhich preA'cnted the death of the heait dun o 
the peiuod of the experiment. 

The immediate effect of the ligation of the coronary sinus ua 
marked engorgement of the large A’-eins and the appearance o ma 3 
others not preAUonsly Ausible. Tliis Aims folloAved by intense cyanos 

*Froin the Laboratory of Physiolofrj% Faculty of Medicine, Pari.s. 
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• of the surface of the left ventricle Avhich did not, however, spread 
further anteriorly than the interventricular groove unlil death was 
imminent. The left ventricle enlarged and api)oared fund ionless, 
hanging like a distended sac from the contracting portion of the heart, 
whereas the right ventricle retained its function and good color. At 
some time after the ligation (Avhich A'aried from ten to fifty minutes), 
incomplete heart-block appeared. It was most often cyclic, i.e., it 
appeared first as a very high degree of block which passed into 2:1 
block and it was then followed by 1:1 beating (recovery); and it 
slowly and ii-regularly repeated this cycle until death occurred. The 
auricle maintained its regular rhythm throughoiit and it suffered lit- 
tle alteration in its rate. No tachycardias and very few premature 
beats appeared during the course of the changes which finally resulted 
in death. 

Po.st-mortem, the muscle of the extei’ual wall of the light ventricle 
was soft, whereas that of the left ventricle felt hard to the touch and 
was thicker than normal, and the cut surface oozed blood upon sec- 
tion. It was dark in color, and presented an appearance not unlike 
that which is seen with chronic passive congestion. The endocardial 
surface of the left ventricle including the septal wall was a purplish 
hue and appeared edematous, but that of the right ventricle including 
the septal wall Avas normal in color and appearance. The congestive 
discoloration extended into the septum about half-way through its 
thickness. 


The Elecivocardiogyam . — The electrocardiogram of the axial lead 
presented an elevation of the T-wave. This positive effect upon the 
T-wave, although it occurred constantly, varied greatly in amount 
and time of onset, and no parallel existed between the electrocardio- 
graphic and the other changes occurring in the heart, since effects 
varied from an exaggerated early electrocardiographic change with 
delayed death to minor electrocardiographic change with early death 
(Table I). In two instances the E-T fusion appeared as the effect of 
the ligation (Fig. 1). 
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the blood sn])i)ly to tho S-A nodo, sineo similar ])basic variations in 
the rate of tlie auricles wore observed ai'lei- lijiature of the artery to 
the S-A node (Fiy. 2). 'Pliey Avere also very common durin*!,' the 
course of the lieaid failure Avhich folloAved accelerator nerve section 
ni heart-block,’ and Avere occasionally observed to occur after section 
of all the extracardial nerves in the intact heart. These obseiwations 
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an-ytlunia and sinus- block are tlio 
ftect of conditions which diminish the blood supply to the S-A node 

Ventricular in-einature beats were numerous and often recurred in 
^^loups. Leuus- noted that they appeared within from three to five 
ininutes after the ligation in 7 of 17 animals. In these experiments 
lej appeared later. The electrocardiographic for;n they assumed 
was mostly that of the right ventricular premature beat after ligation 
o± the right coronary artery and of the left ventricular premature 
beat after ligation of branches of the left coronary arterv." Smitli-'* has 
also noted the appearance of left ventricular preinature beats after liga- 
ture of the descending division of the left coronary. Tachycardia ivas 
rare and it occurred in two of the twenty-four dogs; in one instaiiee 
it was left ventricular tachycardia and' followed ligation of the entire 
left coronary artery, ending ivith ventricular fibrillation. The other 
n as nodal tachycardia, of short duration and irregularly recurrent 
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Figr. 3. — Axial ECG. (R.A.-L.L.) Time in fiftieth seconds, (i) Before ligation of U'c 
riglit coronary artery. (2) Ligature of tiie right coronary artery CST fusliion). 


during the course of the experiment. It appeared after the ligation 
of the largest branch of the circumflex division of the left coronary 


artery. 

17ie Elecfroc(ii'dio(/r(i))i . — The ligation of the right coronary artery 
forced tlie T-wave of the electrocardiogram downward with a loss ot 
the RT inteiwal, and caused the BT fusion (Fig. 3). The ligation of 
the left coronary arteries forced the T-wave of the electrocardiogram 
upward with loss of the IIT interval (Fig. 4, «■ and T>). As in the case 
of the ligature of the coronary sinus, effects were constant iu charac- 
ter but varied iu the degree to which they occurred. 

The RT fusion phenomenon was an inconstant oecuiTeiiee after dm 
closure of the left coronary artery. This has also been the observa- 
tion of Gold et and othei-s. However, the ligation of the seeoiii 
large branch arising from the circumflex division of the leif eorouar.' 


•Concerning tlie question of interpretation of the electrocariliogi apl ic foi m of t _ 
Uoolo nnrl Ipfi. or basal and apical, either may be aPOOea 

basal portion of t ■ 
I'i.sion to the left o'”' 


apical- portions of the heart. 
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artery almost eonstaiilly resulted in the a piu'araiie.e of this form of 
electrocardio^n-am o). It supplies the external wall of the leit 

ventricle on the posterior surface of the heart just above* and to the 
right of the eardiae apex. \Vh(*n it failed to appear, the additional 
ligation of other branehes from the branche.s of the anterior or cir- 
cumflex divisions of the left coronary artery which may also supply 
this portion of the heart induced its appearance (Fig. 4). 



rn “l-— Electrocardiograms R.A.-UA. ; R.A.-UI.,. ; R.A.-L.I... ; derivations I. II, III 

fiftieth seconds. A, Normal, U, Ligature of the first branch and part of 
uie second branch from the circumfiex division of the left coronary artery. C, Ligature 
01 a branch from the anterior division of the left coronary artery which also supplies 
this area. 

Accelerator nerve stimulation had the same effect upon these elec- 
trocardiograms as upon the normal.^* “ Stimulation of the right nerve 
exaggerated the changes produced by closure of the right coronary 
artery and stimulation of the left nerve lessened them, causing the 
curve to approach the original form. Stimulation of the nerves in the 
presence of closure of left coronary Amssels had the reverse effect, i.e., 
yight nerve stimulation lessened the change and left nerve stimulation 
increased it. 
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mech of Acccla-aiov Nerve SV/w«.-Whei, tiie accelerator nerves 
N\ere sectioned one hour before ligation, death occurred in a manner 
similar to that which occurred after ligature of the coronarv shms 
with the accelerator nerves sectioned, with dilatation and diniinishim. 
strength of contractions until standstill occurred. After this, ven- 
tricular fibrillation could very frequently be produced by faradiMtion 
of the accelerator nerves. The ventricular fibrillation did not include 
the infarcted areas.-' When the accelerator nerves were intact, death 
occurred by the onset of ventricular fibrillation. When the acceler- 
ator nerves were sectioned immediately before the ligature, death oc- 
cuired by the onset of ventricular fibrillation whenever the time for 
the death to occur was short, otherwise the diastolic type of circiila- 
tory.failiire resulted. This was the single constant difference observed 
between the hearts iii which the accelerator nerve.s were sectioned and 



Fig:. 6. — Electrocardiograms corresponding to derivations I, II, HI. Time in flidep' 
seconds. A, Normal. B, Ligature of second brancli from tlie circumflex division of tne 
left coronary artery (RT fusion). 


those in which they were intact. No differences were observed in die 
time for tlie death to occur, in the resistance of the heart to tlie 
amount of the coronary arterial sipiiily ligated, in. the alterations in 
the rate or rhythm following the ligation, or in the amount of irrita- 
tive phenomeua (premature coutractioii or tachycardia) which ap- 
peared. It has already been mentioned that Danielopolu and Ware!! 
have observed signifieant changes to follow accelerator nerve section 
in the presence of coronary obstruction. 

The Yagns . — There was no relation between the effect of inaxiuuiin 
stimulation of the right vagus nerve and the amount of arterial liga- 
ture required to induce circulatory failure. There- was a constant 
tendency, however, for the number of premature contractions wluc i 
appeared after the ligation to he less numerous wlien the response to 


♦This has been described by Garrey", Lewis=, Gold' and otlier.s. 
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vagus stimulation was mavkod. Tn order to lest this iurlher, the efCoet 
of prolonged vagus sliinnlation was tried in 8 other dogs, nsing iaradie 
.stinnilatio]! of the right vagus nerve in 4 and i)iloearpine in lai-go doses 
in the remainder, and it was found that the nnmher of premature 
contractions was greatly diminished when compared to the number 
which followed coronary artery ligature under the same conditions 
without vagus stimulation, since in 6 of these animals very few ))re- 
mature contractions occurred, aiul in the other 2, although many ap- 
peared. the effect, when compared to the effect of ligature in hearts 
which tu’esented a similar vagus reaction (very short stoppage time 
and a rapid rate of escape) also showed diminution in the number of 
premature contractions occurring. 


KUMAIAUY AND COXCUUSIOXS 

1. The changes which follow closure of coronary vessels (arterial 
or venous) in the dog are not altex’od by section of the accelerator 
nerves except in the manner by Avhich the death of the heart occurs. 
When the neiwes are intact, death occurs by the onset of ventricular 
fibrillation and when they have been sectioned for one hour previously, 
death occurs by dilatation and diastole. 

2. A diminished blood supply to the S-A node is suggested us the 
cause of nonrespiratory sinus aridiythmia and sinus block. 

3. The electrocardiographic form of the premature beats which ap- 
pear after closure of coronary arteries tends to folloAV the anatomical 
distribution of these vessels, since the closure of the left coronary 
arteries causes the appearance of prenxaturc beats, left ventricular in 
form, and the closure of the right coronary artery premature beats — 
right ventricular in form. 

4. Closure of the right coronary artery causes negativity of the 
T-wave and the appearance of the ST fusion and the closure of left 
coronary vessels causes imsitivity of the T-Avave and also the ap]xeai-- 
ance of the RT fusion AAdien the posterosuperior portion of the cardiac 
apex is throAvn out of function. 

5. Strong vagus nerve stimulation causes diminution in the number 
of premature contraetions AAdiieh occur as a result of coronary ligature. 
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ABNORaiALLY LONG PAPILLARY SIUSCLES OP TUB 

HUMAN HEART'^ 

Wallace M. YATER,f M.D. 

Rochester, 

^RDINARILY the papillary muscle of the human heart is attached 
to the valve leaflet bj' a number of fibrous chordae tendineae 
which aie almost as long as, or even longer than, the muscle. Oeoa- 
sionally, however, macroscopic muscle bands extend upward into 
these cords and may even traverse their whole length, or more rarely, 
the papillary muscle itself may replace several chordae tendineae and 
be attached directly to the vahm. 

In the litei’ature I have been able to find only two references to 
such anomalies, although they must certainly occur in the experience 
of every pathologist Avhose mateidal from necropsies is abundant. In 
1896 Przewoski described four eases. In three cases the tip of the 
normal papillary rrruscle in the left ventricle was prolonged into a 
thin extension which took the place of a cord. This form of the 
anomaly he did not consider altogether rare. He pronounced his 
fourth case to be more unusrral; in tliis, a large anterior papillary 
muscle serrt out a large rnuscrrlar extension Avbich entirely replaced 
several chordae tendirreae and was inserted into the ventricular sur- 
face of tire mitral rmlve up to the fibrous ring. PraeAVOski laid down 
the criterion that only tlie papillary muscles AA’hose tip extended ni' 
to the A'alve should be considered abnormally" long. 

In 1910 Orsos-Pecs described tAvehm cases of anomalies of this type 
and mentioned another. In four of the described -cases a cylindrical 
muscular beam from the anterior papillary muscle AAms inserted into 
the posterior leaflet of the tricuspid Amlve up to the attachment of 
the cusp. The lamella of insertiorr Avas relatively large. In the other 
eight cases muscular beams fronr the arrteriqr papillary muscle of the 
left A^eirtriele Avere inserted in the A'entricirlar surface of the anterior 
leaflet of the mitral valve. When the muscle buiidle aalus inserted into 
the middle of the valve leaflet, the plate of insertion Avas symmetric 
and triangrriar. When the bundle originated from the right side of 
the anterior papillary muscle, it fused AAuth the corresponding 
of the anterior cusp Avith a spade-shaped lamella of insertion Avhich 
turned laterally and eventually connected Avith the ventricular Arali. 
Orsos-Pecs explained the fact that the lamella of insertion of these 
bundles in the right Amntricle alAAmys ended at the attached edge o 
the valve on the basis that the venous orifice of the right ve2itrie e 

*AA''ork done in the Section on Patlioloeric Anatomy, The Mayo Clinic. 
tT'eUon' in Medicine, The Mayo Foundation. 
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is bounded entirely by muscle, while in the left venous orifice the 
muscle over the anterior valvular cusp is missing. One of his patients 
was the son of another patient reported, a circumstance which argued 
that the anlage might be hereditary. In one case there Avas a calcified 
plaque at the point of insertion and in another on the auricular side 
of the point of insertion of the muscle bundle AAyas a subendocardial 
tubercle. Orsos-Pecs thought these features could be explained by 
the stress of abnormal pull of the muscle. 

I have found five cases of anomalies of this type. These occurred 
in about 550 necropsies, an incidence of 0.91 jAer cent. 



Left anterior papillary muscle is inserted directly into the anterior 
cusp ot the mitral valve just beneath the noncoronary cusp of the aortic valve. - 

REPORT OP CASES 

Case 1. The subject was a man, aged sixty years, who died from uremia follow- 
ing an acute exacerbation of chronic pyelonephritis. The systolic blood pressure 
■"as 220 mm. and the diastolic, 110 mm. The heart weighed 476 gm. (body weight, 
61.4 kg., or 135 pounds). There was coronary sclerosis graded 2. Witli tlie ex- 
ception of moderate hypertrophy, moderate coronary sclerosis and the anomaly, 
tlie heart appeared normal. The anterior papillary muscle of the left ventricle was 
5.0 cm. long on its free inner surface and 2.5 cm. long on its mural surface (Fig. 1). 
It nas 1.6 cm. broad at its base, which was formed by several fused trabeculae 
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the papxl arj muscle the usual chordae teudiuae were gh-eu off and were attached 
_ le valve leaflets lu the usual mauuer. One of the chordae teudiueae was rather 
thick in Its upper portion, but there was no evidence of preexisting endocarditis 

wir f H «« considered. The posterior papillary bundles 

eie of the usual form. The functional .capability of the mitral vaive was ap- 
parently normal. ^ 



Fig. 2. — (Case 2) The large left anterior papillary muscle comes to a point at tlic 
margin of the anterior cusp of tlie mitral valve. The apex, n is attached directly to 
the valve and short chordae tendineae are given off laterally from the muscle biinoic. 

Ca.se 2. — The subject was a woman, aged forty-iiiue .icai’s, who died of curduie 
decompensation following hyiierteiisioii. The heart weighed 744 giu, (body weight, 
73 kg., or 160 pounds). The left ventricle was considerably hypertrophied •’Ui'l 
dilated and the right ventricle was moderately hypertropliied and inueh dilated. 
The large anterior paiiillaiy muscle of the left ventricle was fonnod inainlj b) 
fusion of three trabeculae carneae, the middle muscular projection being tlic largest 
(Fig. 2). Above and on the right side the fused bundles came to u blunt poiai, 
0.2 cm. broad, wliieh was inserted into the free edge of the anterior leaflet of the 
mitral valve near its extreme right end, but the muscle did not penetrate far ialu 
the leaflet nor connect with tlie vetricular muscle. The insertion was more teiidinou^ 
tlian muscular. Chordae tendina'e, which were shorter than usual, arose frow 1 1*’ 
sides of the papillary muscle and were inserted into the valve leaflets noini.i , 
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In this case the muscular attachment of the papillary muscle held the right end 
of the anterior leaflet in a rather fixed position, so that regurgitation would per- 
haps have been more marked if the mitral ring had become dilated. 

Case 3. — The subject was a man, aged twenty-nine years, who died of electric 
shock. The heart appeared normal except for a few subepicardial petechiae. The 
left anterior papillary muscle consisted of one large, cone-shaped bundle with two 
smaller ones on the left and an anomalous bundle above and on the right (Fig. 3). 
The latter was connected with the main papillary muscle by narrow cords of 
muscle and with trabeculae carneac medial to it. It tapered as it ascended and 
was inserted into the ventricular surface of the anterior cusp of the mitral valve 
into which it extended halfway to the membranous attachment of the cusp close to 
its right side. It then connected with the muscle of the wall of the ventricle. Near 



Fig. 3. (Case 3) Anomalous muscle hunclle, b, associated with the left anterior papil- 
lary muscle is inserted into the anterior cusp of the mitral valve. 

the valve it sent off a small cylindrical beam of muscle upward and to the right 
uhich also joined the muscle of the wall of the ventricle. The lamella of insertion 
of the anomalous bundle was 0.4 cm. wide. 

Case 4. The subject was a man, aged thirty-eight years, who died of pulmonary 
complications following gastroenterostomy for duodenal ulcer. The mitral valve 
showed .acute vegetative endocarditis. A number of chordae tendineae of the 
posteiior papillary muscle of the left ventricle contained cylindrical bands of muscle 
which e.xteuded as far as the insertion of the cords into the mitral leaflets (Fig. 4). 
The most lateral muscle bundle of the iiapillary muscle gave rise to a muscular 
be.im, 0.2 cm. in diameter in the middle, which extended into the posterior cusp 
of the mitral valve, becoming thicker as it approached the valve. It contained 
some tendinous strands and at the upper extremity divided into two main muscular 
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beams and several small chordae tendiiieae. At about the middle it had a small 
muscular beam connecting it to one of the trabeculae earneac of the wall of the 
ventricle. 

Case 5. — The subject was a boy, aged fourteen years, who died of suffocation 
due to inhalation of food into the bronchi. The heart was somewhat hypertrophied, 
weighing 271 gm. and both ventricles were considerably dilated. On the anterior 
wall of the right ventricle was the usual large papillary muscle, but instead of 
having the common attachment of chordae tendineae to the adjacent halves of the 
medial and anterior cusps of the tricuspid valve it passed directly up under the 
ventricular surface of tlie anterior cusp (Pig. 5). It gave off a few chordae 



f the left 

specially the posterior. 

endineae and became a flat larnella, 

ine into the fibrous cusp, 0.5o cm. from ^ passing from this 

trands of muscle could be seen by f free portion 
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was not visible iiiacroscopiejiliv. On the right siilc of the main papillury muscle 
was another small papillary muscle, the chordae temlineac of which were attached 
to the adjacent edges of the medial and posterior cusps of the valve. Several very 
small papillary muscles gave rise to chordae tendincae which were attached to the 
posterior cusp. 

COMMENT 

This type of anomaly is undoubtedly congcniital. Early in the de- 
velopment of the atrio-ventrienlar valves muscular tissue from the myo- 
cardium invades the endocardial ti.ssue of the cusps and replaces it. 
The muscular tissue of the cusps becomes ,closely blended vdth the 



Fig. K). — (Case o') T)ie papillary nuiscics of the riglit ventricle (retouclieil) are cut 
loose and turned upward to expose their ventricular surfaces. Tlie large papillary 
niuscle» by is inserted into the anterior cusp of the tricuspid valve. The smaller papil- 
lary muscle, h', also has a muscular lamella of insertion. 

subjacent musenlatnre of the Avails of the ventricles. This stage in 
the development of the cusps is soon folloAved by replacement of the 
muscular tissue by collagenous connective tissue, the process evi- 
dently taking place mainly from above doAvmvard. The subjacent 
trabeculate musculature also is replaced by collagenous connective 
tissue. The fibrous cords so developied are the chordae tendineae. 
Muscular ti.ssue persists at the parietal ends of the cords and forms 
the papillary muscles. In cases such as those just described the re- 
placement by collagenous connectwe tissue ceases too soon or is im- 
perfect, and muscular tissue is left in place of chordae tendineae. 
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Tlie only otlier explfuiatioii -woiikl be that localized eiicloearditis had 
produced thickening and retraction of the chordae tendineae, causing 
the cusp of the valve and the papillary muscle to be drawn together. 
All the facts, howevei-, are opposed to this conception and point 
rather to the dcA’^elopmental origin of the condition. 

The instances of this anomaly previously reported and those de- 
scribed in this paper have not appeai-.ed to possess any clinical .sig- 
nificance. In Case 2 of this series it seemed that the condition might 
have increased the insufficiency of a dilated- mitral ring had such been 
present, but the mitral orifice was apparently not very incompetent. 
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THE RELATION OF THE WEIGHT OP THE HEART TO THE 
WEIGHT OP THE BODY AND OP THE WEIGIiT OP 
THE HEAKT TO AGE* 

Harry L. Smith. M.D.+ 

Bochester, illNN. 

W HAT is the normal weight of the human heart? What are the 
upper and lower limits of normal? Which weights should be. 
considered normal and Avhieh abnormal? Just where is the line to be 
drawn between the normal and the abnormal? The literature is at 
variance on the subject of just what constitutes the normal or average 
weight of the human heart and it contains little, if any, information 
eoneerning the upper and lower limits of normal. It is necessary, 
therefore, to arrive at some conclusion regarding the foregoing ques- 
tions before it can be said that certain diseases do or do not cause 
the heart to enlarge. In this study I have attempted to learn some- 
thing definite with regard to the weight of the normal heart. 


MATERIAL 

Ideal material for such study obviously cannot be obtained since 
the heart after death is not absolutely comparable to the normal heart 
during life. The nearest approach to ideal material would be a heart 
obtained from a iDerson dying suddenly from accidental causes who 
had been in perfect health as revealed by recent general examina- 
tion. It Avould, of course, be impossible to obtain enough material of 
this type to give any conclusWe results. The most ideal aAmilable 
material is that of hearts obtained from patients who have died froni 
diseases that have not affected the size or weight of this organ. 

The most satisfactory material for this study was obtained from 
accident eases Avith and Avithout operation. Other satisfactory mate- 
rial came from cases of acute and chronic appendicitis, hernias, and 
gynecological cases in Avhich the patient had died from pulmonary 
embolism, pneumonia, or shock folloAAdng operation. A large per- 
centage of eases Avere carcinoma of the stomach, breast, colon and 
sigmioid, tumor of the brain, and peritonitis folloAAung operation for 
lesions of the gall bladder, boAvel, prostate and kidneys. 

The age, sex, height, Aveight of the body, Aveiglit of the heart, ana- 
tomical diagnosis, gross and microscopic diagnosis of the condition of 
tb^art, the blood pressure readings, and the degre.e of existent arte- 

ve.-sUy of^Smnesotaln Graduate School of the Uni- 

ter of Science in Medicine. * ' fuinilment of the requirements for the degree of Mas- 

tPelloiv in Medicine, The Mayo Foundation. 
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nosclerosis were obhiined from necropsy records and clinical histories 
111 The j\Iayo Clinic in 1000 cases. 

^ Cases- Excluded. ~li specimens are to be used only from cases in 
which the disease did not affect tlie size or weight of the heart, it is 
apparent tliat a large percentage of cases examined in any gross series 
will be rejected. ' • 


The records of all diseases known or supposed to affect the weight 
of the lieart were excluded. All eases of lesions of the heart were 
discarded, as well as tho.se in Avhich a clinical diagnosis had been made 
of cardiac disease, that is, pericarditis, endocarditis, and diseases of 
the nijmeardiuni, such as fatty elianges, myocarditis, arteriosclerosis, 
hypertrophy, and dilatation. All cases of systemic diseases that are 
commonly belicA^ed to affect the size and weight of the heart Avere ' 
rejected. Among these Avere .syphilis, pernicious anemia, arterioscle- 
rosis exceeding Grade 1, chronic nephritis, hypertension,'' exophtlial- 
mic goiter and adenomatous goiter Avith hyj)erthyroidism, and long- 
standing bronchial asthma. All eases presenting signs or symptoms 
of cardiac decompensation Avere excluded, as Avere those in Avhich the 
heart Avas enlarged Anthout demonstrable cause. By this method of 
selection, the number of acceptable cases Avas greatly reduced as evi- 
denced by the fact tliat (iOOO protocols Avere examined in order to 
obtain the 1000 used in this series. 

Weight of the Body. — Practically all of the patients had been 
weighed during their examination at the clinic and had also stated 
their normal AA'eight. If there Avas a marked difference be.tAveen the 
weight at entrance and the normal weight, the latter was used. This 
difference Avas especially noteAA'orthy in cases of malignant tumors in 
some of Avhich from 20 to 40 pounds had been lost. An objection 
might be made to this material. If the normal Aveight of the body is 
accepted the AAmight of the heart AA'ill be relatiA'ely small, since it ina.' 
have lost a little of its fat. If, hoAAmver, the entrance Aveight is ac- 
cepted the error AAmnlcl be nuieli greater. In like manner, the normal 
AA’^eight given by the ijatient generally includes the clothing, AAdieieas 
the entrance weight includes only a sheet and cape, AA'eighing approxi- 
mately 0.68 kg. (1.5 pounds). It is not likely that these slight inher- 
ent errors in technic haAm influenced the results appreciably. 


-LITERATURE 

Boyd" (1861) studied this subject from cadavers at jMorylebonP 
Infirmary and from an insane asylum at Sommerset. He appaiei’ . 

did not select his material. . 

Thoma,"“ Miiller,"- Vierordt,"' and Kress’" made extensive ^ 

gations. Vierordt and Kress, however, did lom' 

Thoma’s figures are based on the average Aveight of the h < 


readingrs exceeding- 145 for any age. 


♦Sj'stolic blood pressure 
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jiublished daHi combined Avitli bis own study of tbc avcra-^H? Avcight 
of! the body for corresponding ages. !Mii!ler weighed botli the heart 
and the body but, so far as ean be determined, did not consider the 
clinical data. A considerable ]iereentage of the cases in many of his 
studies were of extremely emaciated infants. Ih* studied the relation 
of the weight, of the heart, and of the muscle of the heart, to the 
weight of the heart as a wliole and to the weiglil of the body, and also 
its relation to height and age (Table 1). 

From their results it is apparent that there must be a correlation 
between the weight of tin* body and that of the Innirt, jirobably due 
to the “need of a given mass of heart mnsele to ])ump the blood to a 
given mass of tissue." 

Bardeen- concluded that O.o,") pen* cent of tbe body weight a})proxi- 
mated closely the normal relativi* i)roj)ortion of the weight of tin* 
heart in males at all ages exeept at birth and immediately theri'after 
(Table 1). In females, the relative jiroportion is about 0.58 ])er cent 
of the body weight. 

Prom Midler’s observations (Table 1) the weight of the heart is 
approximately 0.50 to 0.75 per cent of the w(*ight of the body in per- 
sons of normal height and weight, being slightly higher in males and 
lower in females; higher in thin ])erson.s and lower in obese i)ersons. 
Midler concluded that there is “an increase in the relative weight of 
the heart with age. irrcsjn'ctivc of the xizv of ihr hndii.'' 

Gray'* has stated that the heart continues to increase in weight and 
size up to an advanced period of life and that this increase is more 
marked in men than in women. 

iifiiller found that the weight of the left ventricle is aiiproximately 
twice that of the right ventricle. The ventricles weigh approximately 
lour times as much as the auricles, and the weight of the valves is 2 
per cent of the total weight of the heart. Tin* fat content increases 
with age. In the newborn infant there is i*elatively little fat. He 
loiind in males that the relative weight of cardiac fat to body weight 
is 0.077 ]ier cent in the range from two to fifty years with 0.057 per 
cent as the minimum. Itelow the second year, he found the percentage 
much less, and after fifty years it is considerably greater. He also 
estimated that tin* intrapericardial part of the great vessels of the 
heart is 0.005 per cent of the weight of the body. This is increased 
with age.- The weight of the heart is 5,5 gm. per kilogram of body 
Weight and its specific gi*avity is about 3.050. 

Greenwood and Brown" concluded that there is a correlation be- 
tween the weight of the heart and the Aveight of the body, and that 
the weight of the heart can be calcidated from Hie weight of the body 
with an error of about 8 per cent. They found that by diA'iding the 
Weight of the heart by the Aveight of the body, the heart is approxi- 
mately 0.575 per cent of the body Aveight. There Avas a Auiriation from 
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the mean percentage of about 25 per cent in each direction, that is 
from 0.45 per cent to 0.7 per cent of the weight of the body. - 

Boyd s figures sliow a iiiglier percentage than do the others’, rang- 
ing from 0.6 to 0.8 per cent ijistead of less than 0.6 per cent. He 
found very little differences between the percentages of males and 
females. 

ScammoiH-" concluded: “The heart weighs at birth from 20 to 
25 gm. The weight of the heart at birth doubles in the first two years 
of life. The weight of the heart at birth triples in four years. ' Tlie 
weiglit of the heart at birth increases sixfold at puberty. There is a 
rapid increase in heart weight during adolescence. The adult heart 
weighs ten to thirteen times that of the newborn. The relative heart 
weight of the newborn is distinctly greater than that of the adult. 
At birth the. heart forms 0.65 to 0.80 per cent of the body weight. 
During the second year the relative heart weight is about 0.5 per 
cent of the bod.y weight and this relation obtains, with indiAodual 
variation, through the remainder of cJiildhood and maturitj’'. ” 

METHOD OP STUDY AND FINDINGS 


The heart consists of (1) muscles; (2) connective tissue of the valves 
and supporting structures; (3) intrinsic blood vessels of the heart 
and the great vessels near their attachments to the heart, and (4) fat 
beneath the pericardium and elsewhere in the heart. The length and 
size of large vessels left attached to the heart will affect the weight 
to some degree. In my study the hearts were opened and waslied 
before being weighed. The speehnem were dimded according to age 
and then subdivided according to sex (Table 11). 

Accurate conclusions cannot be drawn from the age groups from 
five to seven years and from eighteen to twenty-one years, since theic 
were only fourteen and twenty-nine cases respectively in these groups. 
In fact, all the results in the age groups up to twenty-one years are 
not wholly reliable or accurate because they are affected by the 
growth curves. The age group from forty-one to fifty years was the 
only group in which the percentage of body weight was higher m the 


females than in the males. 

The highest percentages of body weight occurred in the gioup o 
premature births, 0.98 per cent for males and 0.91 per cent 
In the group from birth to one year the percentages neie . - I 
cent for males and 0.56 per cent for females. The percentage ni ti^ 
remaining males ranged from 0.35 to 0.46 per cent, '"-f ' 
age grottps showed a range in percentage from 0.42 to 0.4(a I 
female groups of -all ages the percentage ranged iroiu 0.3/ t 
The percentage ranged from 0.38 to 0.46 for the adult cma es. 
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One IS .mpressetl by the close ratios of each ftronp. The total av 
eiage of the weight of the heart of all tlie adult male groups is 043 
per cent of the weight of the body and of the female is 0.40 per e™, 

. IS possible that the percentages are slightly too high since the borlv 
n eights i\^ere apparently slightly' beloiv normal (Table I) 

Royers percentages ranged from 0.59 to 0.84 for males and 0.51 
to 0.80 for females. 

Thoina’s average percentage of the ii^eight of the heart varied from 
0.38 to 0.49. 


jlluller’s percentages had a scope of 0.55 to 0.75 for males and 0.50 
to 0.69 for females. 


Gray stated the relative weight of the heart for males as 1 :160 or 
0.62 per cent, and as 1 -.150 or 0.66 per cent for females (Table III). 

Piersol found the relative weight of the heart for males to be as 
1 :169 or 0.59 per cent and for females as 1 :162 or 0.61 per cent. 

Gray and Piersol both giA’e a relatively liigher weight of the heart 
for the females. In only two of the age groups of mj^ series did a 
relatively higher percentage weight for the females occur. In nine 
age groups the percentage of tlie male was higher and in one group 
the percentage for the males and females was the same. 

Muller stated further: “There is an increase in the relative weight 
of the heart w'ith age, irrespective of the size of the body.” Gray 
stated: “The heart continues to increase in Aveight and size up to 
an advanced period of life” and, “This increase is more marked in 
males than in females.” He then paradoxically stated that the iveight 
of the heart of the female is relatively higher. Other investigators 
agree Avith Gray and Jliiller that the Aveight of the heart increases 


AAuth age. 

During the War, Aschotf studied the Aveight of the hearts of 685 
soldiers (Table IV) ; the average Aveight Avas 321 gm. 

CruAmilhier found the aA'erage weight of the heart for males to be 
240 gm. and for females 210 gm. 

The conclusions draAioi from my study do not agree Avith the state-- 
ment: “The Aveight of the heart increases Avith age, irrespective of 
Aveight. ’ ’ Probably the reason that other observers obtained a higber 
percentage of Aveight of the heart and concluded that the heart in- 
creased Avith age irrespective of the Aveight of the body Avas OAvmg 
to the fact that they did not exclude hypertensive liearts. 

The total average for all adult age groups Avas 294 gm. for males 
and 250 gm. for females. The smallest heart for the males in the 
adult age groups Avas 155 gm. and the largest was 400 gm. Only one 
heart Aveighed 400 gm. There Avas nothing in the history of the case 
to .instifv its exclusion. The subject was an unusually well-deA^elopecl 
man weigbing 93.6 kg. (208 pounds). The smallest heart of a female 
in the adult age group Avas 110 gm., the largest Avas 367 gm. 
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Table III 

Kelative WEuniT or the Heart by Various Authors 


AUTHOR 

Average Weight op heart, gm. 

PER CENT OF AVEIGHT OF BODY 

MALE 

FEMALE 

Gray 

280-340 

230-280 



Davis 

280 

250 



Morris 

321 

230-250 

1:205 


Piersol 

260-346 

230-340 

Male 

Female 




1:169 

1:162 


1 


ov 

1 or 




0.59 

0,61 

Cunniiigliam 

310 

25.1 

Birth 

Adult 




1:1.30 

1:205 




0.76 

0.5-1- 


Table IV 

Weight of Heart Among Soldiers (Aschoff) 


AGE, YEARS 

height, METERS 

AVEIGHT OP HEART, GM. 

18-19 

1 .05 

300 

(19)* 

20-24 

1.70 

299 

(133) 

25-29 

1.72 

327 

(102) 

30-34 

1.72 

328 

(85) 

35^39 

1.75 

319 

(65) 

40-44 

1.69 

355 

(45) 

45-50 

1.66 

319 

(19) 


‘Number in parenthesis denotes number of 468 cases in each group. 


The smallest weight of the body in the adult male group tvas 40.5 
kg. (90 pounds) and the largest ivas 112.5 kg. (250 pounds). The 
average was 64.8 kg. (144 pounds). The smallest Aveight of the body 
in the adult female group was 38.3 kg. (85 pounds) and the largest 
99.5 kg. (221 pounds). The average was 59 kg. (131 pounds). There 
were relatively few of the extremely small or large iveights. 

In this series the iveight of the heart did not increase ivith age. 
The largest male hearts were in the age groups eighteen to tiventy- 
one years, but in each group the Aveight ivas quite constant. The aver- 
age weight of the heart varied from 282 to 308 gm. In the last group 
there were only thirteen cases, but these thirteen cases conformed 
with the other age groups. In Fig. 1 Avhere the Aveight of the heart 
over Aveight of the body is plotted against the age groups, there is a 
sudden fall folloAved by Aurtually a straight line. Only tAvice does 
the female line cross the male and that is in the fiA^e to seAwn year and 
in the forty-one to fifty year age groups. In Fig. 2 the Aveight of the 
heart is used as the ordinate and the age gToujA as abscissa. The 
curve from birth up to the adult period simulates Scammon’s groAvth 
cuive and from the beginning of the adult period on tends to folloAV 
a straight line. In Fig. 3 the heart Aveight in grams is plotted against 
t le body height in centimeters. One can reasonably conclude from 
this curve that the height affects the heart Aveight only as the height 
’dfects the body Aveight. 
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Ia 1914 Allen Hazen ruled some paper with a horizontal scale, so 
divided that the curve of probability would plot a straight line and 
hence any series of observations which varied in accordance with the 
law of arithmetic probability Avould also plot as straight lines. The 



Ag’e grroap 

a- Premature b-Dirth to one year 

•—•Males o— s-opemaleS 

Fig. 1. — Ratio of weiglit of lieart to weiglit of body for various nge groups. 



Fig. 2.— Weight of heart for various age groups. 

converse is also truo, ti.af is, any series of 

paper that plot a straight line will vary m aceordance ,utl. 

of arithmetic probability. 
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The different age groups were taken, male and i'emale, and plotted 
on probability paper and all plotted fairly straight linos (Figs. 4 and 



25 50 75 100 125 150. 175 

Body height in cm. 

• — •MaieS o— -oPemalea 

Fig. 3. — Relation of weight of lieart to height. 
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®'ig. 4. — Pei'centage of weight of heart to weight of body plotted against percentage 
of cases for males aged from forty-one to fifty. 


^)- For the abscissas the percentage of the number of cases pvas 
used and the percentages of heart weights to body -weights as the 
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ordinates. In Fig. 4 (males aged from forty-one to fifty) there were 
1.2 per cent of that group in which the ratio of the weight of tlie heart 
to the weight of the body was 1.3 or less. There were 2.3 per cent in 
which the ratio was 1.4 or less and 10 per cent in wliieh the ratio was 
1.5 or ]e.ss. In 15 per cent the ratio was 1.6 or less, in 25 per cent 
1.7 or less, in 37 per cent 1.8 or le,ss, in 48 per cent 1.9 or less, in GG 
per cent 2.0 or less, in 82 per cent 2.1 or less, in 91 per cent 2.2 or less, 
in 9/ per cent 2.3 or Jess, in 9S.5 per cent 2.4 or less, and in 99.5 per 
cent 2.5 or less. 

Fig, 6 represents the cuiwes with low and high weights of the 
body. The curve for low weights is more vertical than the one for 



Females- ages 51-60 


Fig. 0. — Percentage of weight of iieart to weight of body plotted against percentage of 
cases for females aged from fifty-one to sixty. 


high iveights. The average ratio for the high weights is lower than 
that for the average tveights. The average ratio for low weights is 
1.9 and for the high it is 1.6. 

Yariafion.— When many dift'erent measurements of a certain tiuan- 
tity have been made, it is common to generalize them b.\ computi d 
the averages, that is, the numerical mean. This often fails to gi^c ' 
complete visualization of the individual measurements m a sei _ 
Two groups of items of very different magmitude may ^ 
average; for example, the average of 5, 6, o, 8 and 6 is 6, am 
the average for 1, 2, 1, 3 and 23 is 6. 

In mv series of eases relatively few very low or very high uei. - 
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published data combined with Iiis own study of the average weight 
of the body for corresponding ages. Miiller weighed both the heart 
and the body but, so far as can be determined, did not consider the 
clinical data. A considerable percentage of the cases in many of his 
studies were of extremely emaciated infants. He studied the relation 
of the weight of tlie heart, and of the muscle of the heart, to the 
weight of the heart as a whole and to the weight ol the body, and also 
its relation to height and age (Table 1). 

From their results it is apparent that there must be a correlation 
between the weight of the body and that of the heart, probably due 
to the “need of a given ma.ss of heart muscle to pump the blood to a 
given mass of tissue.” 

Bardeen- concluded that 0.55 per cent of the body weight approxi- 
mated closely the normal relative proportion of the ■weight of the 
heart in males at all ages except at birth and immediately thereafter 
(Table I). In females, the relative proportion is about 0.53 per cent 
of the body weight. 

From Muller’s observations (Table 1) the weight of the heart is 
approximately 0.50 to 0.75 per cent of the weight of the body in per- 
sons of normal height and weight, being slightly higher in males and 
lower in females; higher in thin persons and lower in obese persons. 
Muller concluded that there is “an increase in the relative weight of 
the heart with age, irrespective of the size of the hodij.” 

Gray® has stated that the heart continues to increase in weight and 
size up to an advanced period of life and that this increase is more 
marked in men than in women. 

Muller found that the -weight of the left ventricle is approximately 
twice that of the right ventricle. The ventricles weigh approximately 
four times as much as the auricles, and the weight of the valves is 2 
per cent of the total weight of the heart. The fat content increases 
with age. In the newborn infant there is relatively little fat. He 


found in males that the relative weight of cardiac fat to body weight 
is 0.077 per cent in the range from two to fifty years with 0.057 per 
cent as the minimum. Below the second year, he found the percentage 
much less-, and after fifty years it is considerably greater. He also 
estimated that the intrapericardial part of the great ve.ssels of the 
heart is 0.005 per cent of the weight of the body. This is increased 
With age.- The Aveight of the heart is 5.5 gm. per kilogram of body 
Aveight and its specific gravity is -about 1.050. 

Greemvood and Broivn” concluded that there is a correlation be- 
tiveen the weight of the heart and the Aveight of the body, and that 
the Aveight of the heart can be calculated from the Aveight of the body 
Avith an error of about 8 per cent. They found that by dividing the 
Aveight of the heart by the weight of the body, the heart is approxi- 
3nately 0.575 per cent of the body weight. There was a variation from 
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Table V 

Nobjial Weight op the Heart: Males 


BODY weight MINIlItIM 


POUNDS 

KILOGRAMS 

GM. 

105 

47 

165 

110 

50 

173 

115 

52 

181 

120 

54 

190 

125 

56 

198 

130 

58 

206 . 

135 

60 

213 

140 

63 

221 

145 

65 

229 

150 

68 

237 

155 

70 

245 

ICO 

72 

253 

165 

74 

261 

170 

77 

268 

175 

79 

280 

180. 

81 

288 

185 

83 

296 

190 

86 

304 

195 

88 

312 

200 

90 

320 


AVERAGE 

GJr. 

20"o 

215 

225 

235 

245 

255 

265 

274 

284 

294 

304 

313 

323 

333 

343 

353 

363 

373 

382 

392 


maximum 

GM. 

sr~ 

253 

264 

276 

287 

299 

310 

322 

333 

345 

356 

36S 

370 

371 

372 

373 
382 
392 
402 
412 


Table VI 

Normal Weight of the Heart: Females 


BODY M'EIGHT MINIMUM AVERAGE MAXIMUM 

POUNDS KILOGRAMS GM. GM. GM. 


90 

40 

135 

162 

193 

95 

43 

143 

171 

204 

100 

45 

150 

180 

215 

105 

47 

158 

189 

226 

110 

50 

165 

198 

237 

115 

52 

172 

207 

248 

120 

54 

180 

215 

259 

125 

5G 

188 

225 

268 

130 

58 

195 

234 

277 

135 

60 

203 

244 

286 

140 

63 

211 

253 

295 

145 

G5 

219 

262 

304 

150 

68 

225 

272 

313 

155 

70 

233 

282 

322 

160 

72 

240 

288 

330 

165 

74 

247 

297 

337 

170 

77 

255 

306 

343 

175 

79 

283 

315 

dBO 

ISO 

185 

190 

195 

81 

83 

86 

88 

301 

309 

317 

325 

324 

333 

342 

351 

356 

361 

366 

371 


CONCLUSIONS 

1. Tlie average weight of the adult male heart is 294 gm.; tlie 
average weight of the adult female heart is 250 gm. 

2. There is a definite correlation between weight of tlie heart am 
weight of the body. The ratio is 0.43 per cent for males, aiic 
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per cent, for femnles. The ratio is sliglitly lii<>hcr in tliin persons 
and lower in obese jiersons. Tliis eoeflicient is not so aeenrate lor 
body Aveiprhts of less than do kjr. (.100 pounds) and more than 9-1.5 
kir. (210 pounds). 

3. 'fhe weifrbl of the heart may be ealenlated from the weifrht of 
the body M’itb an error varyiiijr from 8 to 10 per cent. 

4. 3’be wei<rht of tbe heart does not increase with a^'c. irresjieetive 
of the weijrht of the body. The weiixht of the heart increases with 
increase in weijrht of the body. 
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/observations on the mortality op heart disease 

JN NEW YOKIC STATE® 

/ Robert H. Halsev, Sf.D. 

^ New York, N. Y. 


'T'HESE remarks are based upon information gathered by and for 
the Committee to Study Heart Disease of the New York State 
Medical Society.! 

The importance of the mortality of heart disease in the State mor- 
tality statistics is shown by the comparison of its yearly rate per 
100,000 with six other principal causes of death. The term heart dis- 
ease includes the four numbers of the International List. In the 
graphic comparison (Fig. 3) there are two striking features: first, 
the curve of rates for heart disease is well above all the other rate 
curves and, second, since 1917 (Table I) the rate has risen progres- 
sively from 251 to 303 in 1926. Compared with the tuberculosis 
curve, it is evident that they are diverging persistently. The rate 
curve of cancer is observed to be rising but not so i’a2hd3y as the eurvc 
of heart disease. 


In the United States Registration Area in 1925 the lieart disease 
mortality rate per 100,000 was only 186, but this curve, too, was above 
all others, though not so much above as was the curve in New York 
State. The death rate for tuberculosis is fifth in importance in tbe 
United States Registration Area, but is seventh in the State, includ- 
ing accidents. Heart disease accounts in Ncav York State for 21 per 
cent of all deaths, but in the United States Registration Area for only 
15 joer cent of deaths. 


Table I 


Death Dates per 100,000 Proji Seven Principal Causes op Death 

tyew York State Exehisive of New York City 
1917-192G 


CAUSE OF DEATH 

1926 

1925 

1924 

Diseases of the Heart 

303 

273 

261 

Cerebral Hemorrhage 

126 

120 

131 

Cancer 

121 

121 

120 

Nephritis 

121 

118 

112 

Pneumonia 

117 

98 

92 1 

Accidents 

86 

89 

ss I 

Tuberculosis 

85 

89 

91 1 


1923 

1922 

1921 

1920 

1919 

1918 

19H 

270 

260 

234 

243 

^21 

247 

261 

128 

132 

12S 

127 

1 12.3 

126 

127 

117 

115 

114 

109 

JOG 

104 

10.3 

in 

111 

110 

117 

116 

128 

136 

115 

109 

85 

138 

120 

293 

361 

90 

82 

76 

78 

76 

SS 

07 

95 

95 

99 

112 

126 

145 

13S 


»RMd at the Fifth Annual Scientific Session of the American Heart 
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If now the deaths for six leading ennses of deatli are plotted (Tables 
II-A and B, and Fig. 2) by small age groups, the order of importance 
appears to be heart disease, cancer, cerebral hemorrhage, nephritis, 
pneumonia, and tuberculosis. Another interesting fact is that the 
number of deaths (Table II) from heart disease (14,480) is greater 
than the total number of deaths from both cancer (6,417) and tuber- 


SEVEN PRINCIPAL CAUSES OF DEATH 

NEW YORK STATE 

(EXCLUSIVE OF NEW YORK CITY) 

1917 - 1926 


UUU ’ — ; ! 1 r 

- ■ DEATH RATES PER 100.000 

800 •— -r f ! i r 



^ I 1 ._ . , 

j 1 ACCIDENTS 1 

20 — — ! L — PNEUMONIA—! 

I i 1 — ^ — tuberculosis: 

i ; . . L. CEIREBRAL i 

I I i I HEMORRHAGE', 

1917 '18 19 '20 '21 '22 '23 '24 25 '26 '27 • '28 


COMMITTCC TO STUOT HCAAT ODCaSC 
KtV* TOAa 5TATC MC0lC*t30tlCT» 

Fig. 1 

culosis (4,698). In the United States Registration Area deaths from 
heart disease do not equal the sum of the deaths from cancer and 
tuberculosis. 

The greatest number of deaths from heart disease, cerebral hemor- 
rhage, and pneumonia occurs in the age group seventy to seventy-four 
years, while the greatest number of deaths from cancer and nephritis 
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Tablk II-A 


Deaths Fkom Six Leading Causes by Age Groups 

New York State Exclusive of JS’^eiv York City 
1915 


age groups 

diseases of 
THE heart 

CANCER 

CEREBRAL 

HEMORRHAGE 

NEPHRITIS 

PNEU- 

MONIA 

tuber- 

culosis 

All Ages 

14,480 

6,41/ 

6,332 

0,259 

5,174 

4,698 

Under 5 

116 

14 

25 

37 

l'298 

’215 

5-9 

89 

7 

4 

19 

87 

63 

10-14 1 

126 

s 

7 

19 

66 

62 

15-19 

121 

s 

5 

40 

SI 

345 

20-24 

114 

24 

10 

43 

102 

559 

25-29 

135 

43 

13 

40 

IIG 

621 

50-34 

163 1 

80 

24 

105 

149 

596 

35-39 

269 

157 

46 

159 

200 , 

464 

40-44 

422 1 

290 

105 

230 

258 ' 

373 

45-49 

583 1 

439 

184 

.H22 

257 

326 

50-54 

826 

613 

346 

414 

1 273 

277 

55-59 

1,059 

804 

469 

549 

261 

203 

60-64 

1,481 

873 

721 

676 

343 

213 

65-69 

1,904 

948 

940 

886 

403 

170 

70-74 

2,103 

875 

1,134 

865 

411 

112 

75-79 

2,078‘ 

663 

1,029 

821 

338 

60 

80-84 

1,024 

376 

758 

617 

295 

29 

85-89 

888 

139 

358 

282 

153 


90 and Over 

371 

47 

152 

123 

78 

1 

Unknown 

8 

3 

O 

6 

3 

4 


Table II-B 

Deaths From Six Leading Causes by Age Groups 

New York State Exclusive of New York City 
1915 


AGE GROUPS 

diseases of 

THE HEART 

CANCER 

CEREBRAL 

HEMORRHAGE 

NEPHRITIS 

PNEU- 

MONIA 

TUBKfl- 

CULOSIS 

All Ages 
Under 5 

0- 9 

10-14 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

65-69 

70-74 

75-79 

80-84 

85-89 

90 and Over 
Unknown 

10,820 

130 

72 

90 

87 

98 

147 

I 177 j 

234 

1 313 

437 

614 

826 

1 ,085 
1,382 
1,697 
1,529 
1.120 

572 

210 

4,649 

9 

11 

7 

9 

19 

36 

S3 

145 

253 

381 

517 

584 

601 

668 

541 

428 

239 

81 

36 

1 

5,440 

28 

-1 

1 

4 

9 i 

17 

29 

62 

106 
; 190 

i 306 

503 

609 

733 

90S 

905 

60S 

309 

109 

0,068 

115 

26 

20 

41 

87 

111 

135 

203 

250 

366 

467 

544 

680 

794 

783 

699 

484 

200 

60 

3 

6,288 

1,928 

90 

49 

70 

118 

12(i 

334 

179 

239 

255 

278 

317 

407 

432 

513 

479 

370 

194 

104 • 

6,19.> 

398 

no 

116 

422 

748 

758 

690 

644 

552 

456 

395 

292 

235 

157 

117 

68 

37 

10 

1 
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occurs ill the age group sixly-five to sixty-nim* years. The iiuinber of 
cleath.s from tuberculosis has diminisbed and the higliest point of the 
curve is in the age group twenty-five to twenty-nine years, after Avhich 
the curve falls persistently. The deaths from tuberculosis consider- 
ably exceed those from heart disease until the age of forty, after 
which time the deaths from heart disease far exceed those from tuber- 
culosis. 


DEATHS FROM SIX LEADING CAUSES 

BY AGE GROUPS 

NEW YORK STATE 

(EXCLUSIVE or NEW YORK CITY) 




AGE GROUPS 


COMUiTTtC TO STOOr HC*RT Ol&CA&t 
Htw TOBK STATC MCOICAL SOCICTy 

Fig:. 2. 

If now the comparison is made by cninulative percentage (Table III 
and Pig. 3) of the population, all deaths, and deaths from heart dis- 
ease, by small age groups, eertain interesting facts become apparent. 

First, 50 per cent of the population is under the age of thirty years, 
while 50 per cent of the deaths from all causes occur under the age of 
sixty. The curve of heart disease deaths for 1925 has moved toward 
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Table III 

Cumulative Distribution by Age Groups of Heart Disease Deaths for 

1915 AND 1925 

Witli All Deaths and Population for 1925 


New York State Exclusive of New York City 


AGE 

HEART DISEASE DEATHS 

ALL DEATHS 

POPULATION 

1925 

1 1915 

NUMBER 

PER 

CENT 

NUMBER 

PER 

CENT 

NUiMBER 

PER 

CENT 

NUMBER 

PER 

CENT 

Under 

5 

116 

O.S 

130 

1.8 

9,361 

13.3 


9.G 


10 

205 

1.4 

202 

1.9 

10,410 

14.7 


19.2 

( i 

15 

331 

2.3 

292 

2.7 

11,217 

15.9 

1,471,466 

27.S 

< e 

20 

452 

3.1 

379 1 

3.5 

12,439 

17.6 

1,844,226 

34,9 

( i 

25 

566 

3.9 

477 

4.4 

14,077 

19.9 

2,229,356 

42.1 

( i 

30 

701 

4.8 

624 

5.8 

15,871 

22.5 


50.2 

t i 

35 

864 

6.0 

801 

7.4 

17,951 

25.4 

3,077,047 

58.2 

< ( 

40 

1,133 

7.8 

1,035 

9.6 

20,398 

28.9 


0.5.9 

< i 

45 

1,555 1 

10.7 

1,348 

12.5 

23,279 

33.0 


72.6 

< ( 

50 

2,138 1 

14.8 

1,785 

16.5 

26,680 

37.8 

4,182,6731 

79.1 

c c 

o5 

2,964 

20.5 

2,399 

22.2 

30,722 

43.5 

4,484,165 

84.7 

( t 

60 

4,023 

27.8 

3,225 

29.8 

35,486 

50.2 

4,727,678 

1 89.3 

( ( 

65 

5,504 

38.0 

4,310 

39.8 

41,326 

5S.5 

4,935,467 

93.3 

t ( 

70 

7,408 

51.2 

5,692 

52.6 

48,132 

68.1 

5,080,693 

9G.0 

( t 

75 

9,511 

65.7 

7,389 

68.3 

55,188 

78.1 

5,179,213 

97.9 

( c 

80 

11,589 

80.1 

8,918 

82.4 

01,623 

87.2 



c < 

85 

13,213 

91.3 

10,038 

92.8 

66,688 

94.4 



( ( 

90 

14,101 

97.4 


98.1 

69,407 

98.3 



All Ages 

14,472 

100.0 



70,642 

100.0 

5,291,323 

100.0 

Unknown 

S 






4,337 



Table IV 


Percentage Distribution of Types of Heart Disease by Age Groups 

For New York State Exclusive of New York City 
1925 


forms of heart disease 


AGE GROUP 

1 

ALL FORJrS 

i 

PERICARDITIS 

ENDOCARDITIS 

AND 

JIYOCARDITIS 

ANGINA 

PECTORIS 

OTHER 

FOR.H.S 

All Ages 
Under 5 

5-14 

15-24 

25-44 

45-64 

65 and Over 
Unknown 

14,480 

116 

215 

235 

989 

3,949 

8,968 

8 

0.3 

1.7 

1.4 

0.4 

0.5 

0.2 

0.3 

3.8 

35.4 

31.6 

31.1 

17.5 

2.6 

1.1 

7.4 

0.0 1 
0.0 

0.4 

5.9 

11.0 

6.4 

88.5 

02.9 

67.0 

68.1 

76.1 

50.2 

92.2 


tlie riglit, or older age side of the chart. Fifty per cent of 
from heart disease have not occurred until the age o se^en 
years later than half the deaths from all causes. It is 
that only 10 per cent of the deaths from heart disease have occm 

at the age of forty-five years. 

Ninety per cent of the deaths from heart disease ocenr 
of forty-five. Heart disease then appears to be a disease o 
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and old age, and it suggests that the prolongation of life may be a 
factor in the increasing number of deaths ascribed to cardiac disease. 

The grouping of the types of heart disease by percentage distribu- 
tion (Table IV and Fig. d) shows 88.5 per cent of all the 
fall in “Other Forms” (No. 90) of the Internatmnal List. Only 8.8 
per cent of deaths fall in the group endocarditis and myocarditis 
(acute) ; Avith 35.4 per cent occurring under five years and 31 per cent 


CUMULATIVE PERCENTAGE DISTRIBUTION 

OF HEART DISEASE DEATHS 

BY AGE GROUPS FOR 1915 AND 1925 

WITH POPULATION AND ALL DEATHS FOR 1925 

NEW YORK STATE 
(EXCLUSIVE OF NEW YORK CITY) 

PERCENT 



YEARS OF AGE 


COyMlUlC TO STUOT MtAHf OI3CA21 
HlWlrDAn JTATl OICAt 30:>£ TT 

Fisr. 3. 

each in the age groups of five to fourteen and fifteen to twenty-four. 
These percentage distributions are Avhat one meets in practice but the 
numerical insignificance of the Avhole group is astonishing, particu- 
larly in view of the very scanty analysis of the group “Other Forms” 
A\hich comprises over 88 per cent of all the deaths from heart disease. 
Other Forms” is officially divided into five headings: chronic 
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valvular disease, aortic insufficiency, chronic endocarditis, chronic 
myocarditis, and fatty degeneration; but selecting the diagnoses un- 
der v’hich most of the certificates group themselves, it appears that 
there are really ten headings (Table V), which differ, however, from 
those of the official list. These ten were studied. 

ANALYSIS OF HEART DISEASE DEATHS 

BY BROAD AGE GROUPS 

NEW YORK STATE 

(EXCLUSIVE OF NEW YORK CITY) 

1925 



llllllllllllirM PERICARDITIS 

[ •■ ., , : ^ endocarditis and MYOCARDITIS 

ANGINA PECTORIS 
OTHER FORMS OF HEART DISEASE 


COUUlTTtC TO 3TODT MCABT DIK«« 
HCW YORK state MCDICAL SOOITT 


Fig’. 4. 


The su..,a„. fact ia evident at once 

arditis” includes neailj halt < >= , ^ cent 

922 it aecoiintecl lor only nearly o. 

'he column “Valvular Diacaae, ' „.nt (IS ' 

- 
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Table V 

(VI'IIER Di,sease.s of the Heart. Number of Deaths by Broad Age Groups and 
Percentage of Death.s From Each Type 

Ne\Y York State Exclusive of New York City 
1926 


PERCENTAGE 


AGE 

GROUPS 

TOTAL DEATHS 

chronic 

MYOCARDITIS 

chronic 

endocarditis 

VALVULAR DISEASE 

OF THE HEART 

. . 

mitral 

regurgitation 

w 

1-3 5 
^ o 

CARDIAC 

INSUFFICIENCY^ 

DISEASES OF THE 

AORTA 

w 

^ Q 

S \ 

k;' 

§ ^ 2 

S ? ^ 
P ^ 

AJ O J 
<1 fti w 
U Q 

CARDIORENAL 

DISEASES 

OTHER DISEASES 

OF THE HEART 

All Ages 

14,862 

48.6 

12.4 

15.7 

3.6 

1.4 

4.8 

2.1 

3.4 

0.7 

7.8 

Under 5 

7o 

4.0 

1 6.7 

32.0 

5.3 

4.0 

18.7 

4.0 

13.3 


12.0 

;■) to 14 

117 

7.7 

33.3 

32.0 

9.4 

5.1 

5.1 

0.9 

3.4 

— 

2.6 

1.1 to 24 

183 

12.0 

27.3 

28.4 

2.7 

4.4 

8.2 

2.2 

4.9 

— 

9.9 

2,1 to 44 

717 

28.7 

19.0 

19.0 

4.5 

4.9 

6.6 

3.3 

5.6 

0.8 

7.1 

4.1 to 64 

3,717 

46.2 

13.9 

15.4 

3.0 

1.6 

, 4.4 

2.4 

5.0 

0.7 

7.4 

(il Olid Over 

10,049 

;12.4 

10.9 

15.0 

2.9 

0.1) 

4.6 

1.9 

2.6 

0.7 

8.1 


1922 


All Ages 

11,509 

34.1 

13.0 

23.0 

4.4 

1.3 

5.1 

2.5 

4.8 

3.3 

10.5 

Under 5 

109 

2.7 

0.5 

40.4 

3.7 

0.9 

16.5 

1.8 

12.8 

- 

15.6 

5 to 14 

125 

3.2 

27.2 

33.6 

10.4 

4.8 

12.8 

1.6 

3.2 

- 

3.2 

15 to 24 

157 

9.6 

28.0 

18.5 

9.5 

.5.1 

8.3 

4.5 

8.9 

0.6 

7,0 

25 to 44 

651 

14.7 

17.1 

29.0 

5.1 

4.8 

6.6 

3.2 

9.8 

0.6 

9.1 

4.5 to 64 

2,777 

29.9 

12.9 

24.3 

4.5 

1.3 

4.5 

3.2 

6.4 

1.5 

11.5 

65 nncl Over 

7,686 

38.8 

12.2 

21.8 

4.1 

0.8 

4.8 

2.2 

3.7 

1.3 

10,3 


to the lesions of the heart muscle. There has been dissatisfaction with 
the consideration of valvular lesions as a cause of death and chronic 
inflammation of the heart muscle has been jireferred as an explana- 
tion, This preference accounts for the fact that a very large percent- 
age of the deaths in the age groups after twentj^-five fall within the 
column “Chronic hlyocarditis.” Pathologists tell us that chronic myo- 
carditis is one of the relativelj^ rare conditions to be found in the 
heart, fibrosis of the myocardium being much the more common find- 
ing; yet this latter diagnosis has not been used in death certificates 
frequently enough to form a group for consideration. 

The review of the death certificates gathered from the four numbers 
of the International List reveals the fact that therp is no statement 
whatever concerning the etiological factor of the diseased heart. Only 
the most common anatomical deformities, which may well be due to 
several causative agents, are named. It would seem, therefore, that 
before a logical statement as to the accurate number of deaths due to 
lieart disease can be made, some way must be devised to tabulate the 
damage under etiological headings, such as those of rheumatic fever, 
siphilis, other bacterial infections, and senescence or arteriosclerosis, 
lo accomplish this physicians must accept and use recognized crite- 
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ria for diagnosis wliicli include three factors — those of etiology (ac- 
tive or inactive), of anatomical or structural defect, and of patiiolog- 
ical physiology. 

The statistician must then tabulate the various anatomical defects 
according to etiologj^, instead of, as at present, listing such anatomi- 
cal defects as causative conditions. 

In other words, if we are to learn anything about the causes of 
death from heart disease, we, as physicians, must make diagnoses 
which give the etiology of the heart damage ; the statistician, responsi- 
ble for the records of Boards of Health Bureaus of Statistics, must 
arrange his machineiy to tabulate the facts. 

{For discussion, see page 116 .) 



HEART FAILURE AND HYPERTHYROIDISM- 

With Special Reference to Etiology 
L. j\I. HURXTIIAL, M.D. 

Boston, Mass. 

F ive hundred eases of hyperthyroidism personally examined during 
tlie past fifteen months at the Lahey Clinic have been reviewed for 
the purpose of answering the following questions which pertain to 
the etiology of heart failure in thyrotoxicosis. 

First — ^Does thyrotoxicosis injure the healthy normal heart muscle 
or is a previouslj^ damaged heart necessary for the production of con- 
gestive heart failure in hyperthyroidism? 

Second — Does thyrotoxicosis have a specific stimulating effect on 
the heart aside from the over-activity of increased work? 

Third — Does hyiierthyroidism cause hyiiertrophy and dilatation of 
the normal heart from increased work, or from a specific stimulating 
effect, or both? 

In consideration of the first question, if it can be demonstrated that 
myocardial injury results from thyrotoxicosis, it can be safely assumed 
that congestive heart failure will eventually result from prolonged 
intoxication. Wilson^ has examined the hearts of .21 i?atients with 
hyperthyroidism, 18 of which showed marked lipoid changes. These 
patients fall in the age group where degenerative changes are fre- 
quently seen, so that, unless some specific pathological change due to 
thju'oid toxicity is demonstrated, Ave must rely more on clinical ob- 
servation to arrive at the probable answer to this (jue^stion. Hamilton" 
has stated that, in his opinion, thyroid toxicity has a selective action 
on certain individual hearts. Since he does not specify Avhat is char- 
acteristic of these indhddual hearts, this conclusion cannot be accepted 
until more definite clinical data liaAm been presented. As to preAuous 
cardiac injuiy precipitating heart failure, Ave Avould expect in a com- 
munitj^ Avhere rheumatic heart disease is iDreA'alent many cases of 
failure in hyperthyroidism associated Avith mitral stenosis. Further- 
more, as the age adAmnees in Avhieh Ave find congestive heart failure,- 
Ave should expect to find a considerable number Avith associated arte- 
riosclerotic and hypertensive changes. 

Concerning the second -question, that of a specific stimulating effect 
of thyrotoxicosis on the heart aside from the increased Avork present, 
clinical obserAmtion supports this supposition. In many patients Avho 
have lost most signs of toxicity, and Avhose pulse and basal metabolic 
rates h ave returned to normal as the result of iodine administration 

From the L.ahey Clinic, Boston, Mass. 

Head before the American Heart Association at Minneapolis, June 12, 192S. 
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aucl rest, the eJiaracteristic tliyi-oid tlini.st of the lieart is often present 
far out of proportioji to the t)ieu present cleniands of the circulation. 
The thyroid gland has undergone involution, tlie bruit disappears, tlie 
low diastolic pressure returns to normal limits, and still the thrust re- 
mains. As Willius and Bootliby have pointed out^ in other condition.s 
wheie the basal metabolic rate is increased as in leucemia, or in mod- 
erate exercise, such as walking, the heart impulse is barely if at all 
palpable. This specific stimulation of the heart is, ive believe, an im- 
portant secondary factor in the production of cardiac failure. 

In regard to the third question, Boas^ believes that cardiac hyper- 
trophy in hyperthyroidism is the result of increased oxygen demands 
and the increased flow through the thyroid gland. The latter he com- 
pares to an arterio-venous aneurysm or shunt. Read'* believes that 
increased metabolic rate adds to the work of the heart and, if long 
continued, will result in myocardial failure. It is • our impression, 
based on repeated teleroentgenograms — and others, I believe, are of 
the same opinion’’ ’’ — that cardiac hypertrophy is rare in hyperthy- 
roidism, except in a certain group of cases and in these it can usually 
be explained by coexistent cardiovascular disease. Our experience 
has been that the heart is too often considered enlarged because of the 
characteristic thrust and the movement of the thoracic cage. As a 
rule, the thyroid heart found in the patient dying of hyperthyroidism 
is flabby,’’ and this impression is also gained by fluoroscopy. Such 
a condition would be comsistent with some dilatation and we feel that 
the functional systolic murmurs so frequent in hyperthyroid hearts 
cannot adequately be explained on any other basis. Such dilatation 
and flabbiness are not characteristic of work hypertrophy, but is more 
consistent with the general muscular weakness which is so character- 
istic of thyroid over-activity. 


CLINICAL PATA 

Of the 500 eases of hyperthyroidism, 479 were of the exophthalmic 
type and 21 were of the toxic adenomatous type. The usual critema 
were used in establishing the clinical diagnosis of hyperthyroichsm and 
all cases studied showed confirmatory pathological changes m the 
gland removed at operation. 

The criteria for diagnosis of cardiac changes were as follou’s: 


1. Rheumatic lieart disease with mitral stenosis was diagnosed only wlicn a 
well-defined mitral diastolic murmur was evident. 

2 Questionable rlieumatic heart disease was diagnosed when there was a h.irs ' 
apical systolic murmur, often a rhemnatic history and usually some degree ot 

largement. ■ ' f ion /on 

oVLre, 0 , will, a aiaaloHc prcaaar,. of 100 m„,. or more, near, lira, of 
systolic pressure. 
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4. Arteriosclerosis was considered present when there was well-marked hyper- 
trophy, tortuosity, and hardening of the peripheral vessels. 

5. Luetic aortitis was diagnosed when an aortic regurgitant murmur was present 
along with a positive Wassermann. (The two cases included both had dilated 
aortic arches.) 

6. Established auricular fibrillation was diagnosed when tliis irregularity re- 
in.ained present from the time of admission to the hospital until operation. 

7. Paroxysmal auricular fibrillation occurred in most eases postoperatively, and 
was diagnosed onlj' when personally observed. 

8. Transient congestive heart failure. All patients having a clear-cut history 
of past failure relieved by rest and iodine before coming under our observation 
were placed in this group. 

9. Paroxj’sinal tachycardia and auricular flutter were identified by the electro- 
cardiogram. 

10. True congestive heart failure. All of these patients had pitting edema o , 
the legs, the neck veins were always distended in the upright position and the 
liver edge was down. Orthopnea of varying degrees was present. The degree of 
failure varied, of course, some clearing with rest and iodine, while others required 
(he use of digitalis and diuretics. 


Table I 

Classification of Hearts in 500 Cases of Hyperthyroidism 


TYPE 

NUMBER 

OP 

CASES 

AVERAGE 

AGE IN 

TEARS 

DURATION OF 

H Y’^PERTHYROIDI S M 
- IN MONTHS 

I. No change 

339 

35 

17 mo. 

II. Paroxysmal auric, fibrillation 

20 

49 

12 mo. 

With heart changes 

20 




HI. Probable rheumatic heart 

With failure and auric, fibrillation 

IV. Rheumatic heart 

With failure and auric, fibrillation 

V. Established auricular fibrillation 
(3 hypertensive) (all types) 

VI. Transient congestive failure 
Normal rhythm (4 hypert.) 

With est. aur. fib. (1 hypert.) 

VII. Hvpertensive heart 
With luetic aortitis 
VIII, Cardiac hypertrophy 
? of cause — no failure 

IX. Angina pectoris (1 hypert.) 

X. Paroxysmal tachycardia 

XI. Auricular flutter 

XII. Congestive heart failure 

(a) Rheumatic 

(b) ? Rheumatic 

(e) Arteriosclerotic and hypert ensivi 

(d) Luetic (included in above) 

(e) ? Cause 

Total C. H. P. 


14 

27 

13 mo. 

2 

42 

(7 mo.-8 yr.) 

21 

35 

11 mo. 

2 

50 

11 mo. 

36 

49 

14 mo. 

5(5 

53 

16 mo. 

13 

42 

7 mo. 

3 

57 

8 mo. 

24 

54 

18 mo. 

1 



4 

60 

10 mo. 


O 


O 


26 



2 

50 

11 mo. 

2 

42 

(7 mo.-8 yr.) 

13 

54 

28 mo. 

1 



9 

51 

38 mo.* 


20 49 

srouD showed a mean of about 18 months; two 
ineir onset 8 and 12 years but in each case it was questionable. 
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DISCUSSION 

There are certain very obvious facts to be noted from this tabulation. 
In the first place, the duration of the liyperthyroidism does not seem 
to play a consistent part in the production of auricular fibrillation or 
0 eong-estive heart failure. The basal metabolic rate varied consider- 
ably and showed no relation to the degree of congestive heart failure.- 
attempt was made to correlate the basal metabolic rates because 
of the frequent iodinization before coming under our observation. 

Of iiujioitanee we feel is the freedom from congestive heart failure 
in the groipi with miti'al stenosis. On the assumption that previous 
myocardial damage is necessary to precipitate failure in hyperthy- 
roidism, this finding is rather surprising. On the other hand, the 
average age of this group is the same as those eases which we consid- 
ered as having no heart changes. This brings up the important point 
of age, which we will again emphasize as being a paramount factor in 
the production of congestive failure in hyperthyroidism. 

Tlie low average age of the questionable rheumatic heart group 
serves to eonfirni the clinical diagnosis which was made in these cases. 
Here again those showing failure were far above tlie average age of 
all the rheumatic eases. 


It is interesting to note in regard to age that we find inore heart 
disturbances (particularly established or paroxysmal fibrillation) as 
we approach fifty years. The average age of the established auricular 
fibrillation group was forty-nine, while in those sliOAving congestive 
heart failure with this irregularity it was above fifty years. One- 
third of the total of 36 eases ivith hypertension showed frank conges- 
tive heart failure. Here again Ave note the factor of age, for the ai'cr- 
age of this group is fifty-four years. Those patients showing ivell- 
niarked arteriosclerosis had an average age of fifty-six' years; of these 


patients four ivere males. If arteriosclerosis Avere more common m 
females, Ave feel that Ave Avould see a greater number of cases shOAviug 
congestiAm heart failure. In the 26 cases of congestive heart iaihne 
37 shoAved definite hypertensive or arteriosclerotic changes. 


The remaining 9 cases in the congestive failure group, in so far as 
could be determined, shoAved no evidence or gave no history of coin- 
cident cardiovascular disease. These patients shoAved many features 
in common. Cardiac enlargement aaus present in most instances aud 
by x-ray the enlargement urns often shoA\m to be both to left and right. 
Electrocardiograms shoAved no preponderance of eitlier ventricle; Ioav 
voltage Avas seen in half the eases and auricular fibrillation Avas pres- 
ent in the majority. Congestive failure was not of the extreme type, 
havino' been improved in all ca.se.s by re.st, iodine, and (oeeasionallA j 


digitalis. , , ii 

Sufficient time to form a final opinion as to the end-results m c 

the congestive failure cases in this group has not elapsed, but prcAi- 
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ous experience gives iis tlie impression that the lirognosis in each case 
depends on the amount of coexisting cardiovascular disease present. 
Three of the failure group herein reported are dead. One died of 
pneumonia before operation, another died of congestive heart faih;rc 
five months after operation, having had hypertensive and rlieumatic 
heart disease, and a third died suddenly after four mouths of compara- 
tive freedom from cardiac di.sability. 

CONCLUSIONS 

Prom the data presented what conclusions can we draw in regard 
to the etiology of congestive heart failure in hyperthyroidism? 

First, if thyrotoxicosis injures the normal healthy heart we believe 
there should he more evidence of injury below the age of forty. The 
average age of the congestive heart failure group being above fifty 
years, with a large percentage showing coexisting cardiovascular dis- 
ease, leads us to conclude, on a clinical basis at least, that if there is 
a selective action of hyperthyroidism it chooses the licart in patients 
who arc over forty years old. If auricular fibrillation is to be con- 
sidered evidence of myocardial damage from thyi’otoxieosis, it cer- 
tainly should be pi-esent. more often in the younger patient and par- 
ticularly should it have a more definite relationship to duration and 
degree of toxicity. 

The nine cases s:howing no clinical evidence of coexisting cardio- 
vascular disease, present an important group in regard to the ques- 
tion of myocardial injury as the result of thyrotoxicosis. Because of 
the small number of patients and their advanced age we feel we can- 
not attribute their heart failure to Ihyrotoxico.sis directly, but •be- 
lieve that these patients have some unrecognized myocardial weakness 
either from previous unknown injury or because they belong to that 
group of individuals who inherit a predisjmsition to cardiovascular 
degeneration. The drive of hyperthyroidi.sm serves to bring out this 
inherited weakness, and although the average duration of the disease 
is somewhat longer in this group, this seems a natural explanation in 
view of the lack of gross clinical evidence of more advanced cardio- 
vascular disease. 

Second, we believe that thyrotoxicosis has a sjiecific excitatory 
effect on the heart and that this, more than the increased work from 
circulatory demands, produces failure in a heart weakened b3'’ the de- 
generative processes of age. 

Third, our clinical observation leads us to believe that hjqjertrophj’' 
of the heart does not take place in a normal health}'- heart as the result 
of hyperthyroidism, but that dilatation is probably frequent. Dura- 
tion, we feel, plays a verj^ little part in a general wajL It is obvious, 
however, from frequent examinations of thyroid patients that dui'a- 
tion as well as degree of toxicity plays an important role in individual 



108 


TPIE AMERICAN HEART JOURNAL 


cases. Immediate removal of thyroid toxicity by surgical procedure 
is undoubtedly the quickest and surest method of averting tlie onset 
of congestive heart failure. 

Therefore, in conclusion, Ave consider the most significant causes of 
congestive heart failure in hjqierthyroidism ; (1) age and the coex- 
isting cardiovascular changes associated xvith it; (2) the specific 
heart drixm incited bj- thyrotoxicosis; (3) auricular fibrillation; (4) 
duration and intensity of thyroid ox’-eractivity. 
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Till': DISTOKTIOX OF THE ELECTKOCAKDIOGKAIM BY 

CAPACITANCE' 

A CuiTU'AL Axaia-sis (ir Tin-: Ei^ixtiucal Ami'Likr'atiox of 

IIfakt (T’ukknt^; 


WiM.iAM Dock. :\ 1 . 1 ). 

8an Fkaxcisco. Cak, 

T he introduction of a condenser (electrical capacity or capacitance) 
in series with llie leads from the )>atienl to the slrin<r iralvanom- 
eter has a well-known eflect in distorting the eleetrocardiojrram. The 
relations of this elVect to polarization of electrodes, to skin chnufres in 
myxedema, and its use in obviatin<r the need for a variable current to 



. FI*’’ normal inaUo and break curve of the slrlne fralvanomeler. Kxlei’ual 

resistance 3200 ohms. 

B. The .same, with 20 microfarail capacity in the circuit, strinj; returns one-half dis- 
tance to zero in 0.07 seconds. 

C. The same, external resistance reduced to 500 ohms, one-half decrement period 
reduced to O.OI seconds. On tlie break, in I! and C. the strinpr moves In the opposite 
direction to the make. 


neutralize skin currents are known to all who are familiar with elec- 
trocardiography. The recent introduction of resistance-and-capaei- 
tanee-coupled amplifiers into electrocardiographic technic calls for a 
reconsideration of this distortion, as the only descriptions of these in- 
struments’’ - give no critical data bearing on this point. IMany of the 
users of these new instruments are more or less unfamiliar with this 
distoi’tion and have made no extensiA'c comparison of their in.strument.s 
with th e string galvanometer. 

‘From the Medical Clinic of the Stanford University Medical School, San Francisco. 


109 


110 


THE AjMERICAK HEART JOURNAL 


A capacitance, introduced into an electrical circuit, impedes direct 
flow of current, but permits surge in the line. Fig. 1 sliows the effect 
of a cai^acity on the curve due to niake-aud-brealc of a constant ciir- 
rent applied to a string- galvanometer. At the make the normal deflec- 
tion occurs, but is not sustained ; the return to the zero line occurs at 
a rate inverselj^ proportional to the circuit resistance and to tlie size 
of the capacity. On the break, the string moves in the opposite direc- 



A. B. 


Fig. 2. — A, Normal curve (Leatl IJI) of a person witli left axis deviation. 

B. Tile same, after introducing 20 niicrofarad capacity into circuit. Note snorteiicii 
S-wave and distortion of S-T due to capacitance. 



Fig 3 A. Make of 1 millivolt current (3200 ohms 

corded by a thrL-tube amplifier electrocardiograpb. penod of oue-hnlf 

® Bre^aic of same current in fame instrummt curicnt of sbort 

C. Rapid make and break ; note overshootinfr of base line ex c 
Juration and one millivolt amplitude. 

Bon dne to the sm'ge in the line and again 
[n Fig. 2 the distortion of the electroeardiograiu 

tanee is clearly shown heeause the — ^d-break, 

and of a current of brief duration on ^ , 

oood amplifier.type cleetrocardrograph. . Cont.oi tests 
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break witli the jralvanoiucter of this iiislnnneni showed curves simi- 
lar to Fig. l-.l. It will be. noted Hint the, period needed for 50 i)er 
cent return to zero after make is twent.v times as long as with the 
string galvanometi'i’ with a 20 microfarad capacitance. The latter 
shows but little distortion of normal tracings and is satisfactory and 
routinely used in this laboratory for experimental observations on 
small animals and birds. IVhile the amplifier-type instrument is far 
more accurate than the combination just mentioned, it does distort 
an important imrt of the electrocardiogram, as shown by the over- 
shooting past the zero line on “break” in Fig. 11, and by a compari- 
son of the true (string galvanometer) cniwes with those recorded by 
this insti’ument on the same patient (Fig. 4). The terminal part of 



. -I- — Upper curve, .strinp (jalvanomctor record, newer, tlircc-Uibo aiiipliflor elee- 

uocardioKraph record. Note the exaKKcratcd S and llatteuod T of the llr.st two heata, 
tne marked S-T clistortfon of the last two beats. 


the QRS and onset of T are distorted in the same way although to a 
less degree than in Fig. 2. To those who are interested, not merely in 
relation of events in the cai’diac cycle, electrical axis deviation, and 
the like, but also in the details of the Amntrieular complex, the i^resent 
amplifier-type electrocardiographs arc therefore unsatisfactory. The 
ventricular complex distortion increases in proportion to the duration 
and voltage ol; the QRS deflection. It may conceal changes due to 
coronary disease, or produce distortion suggestive of such changes in 
patients whose QRS is of high voltage. 


SUMMARY 

Capacitance, introduced into the circuit with a string galvanometer 
01’ incorporated into an amplifier for heart currents, distorts the ven- 



312 


THE AMERICAN HEART JOURNAL 


triculai- complex. TJii.s distortion increa.ses witii decrea.se in resist- 
ance and capacitance in the circuit, and with increase in the voltage 
of the QRS deflection. ElectrocardiogTaphic tracings made with ain- 
jilifier-type instruments can only duplicate accurate string galvanom- 
eter tracings when make-and-break test currents give records similar 
to those of the EinthoA'en electrocardiograph. The usual distortion 
of the QRS complex, due to capacitance in the amplifier, is slight hut 
must be considered in reading the tracings produced by tlie instru- 
ments now available. 
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THE USE OF FAHNESTOCK CLIPS IN THE TECHNIC OF 
TAKING ELECTROCAKDIOGRAMS'' 


Hakold J. Stewart, jM.D. 

New York, N. Y. 

A YEAK ago, acting on tlio suggestion of lleninann and Wilsoni we began 
to use flexible eoppcr ^\ire as electrodes in talcing eleetrocardiograins on 
patients in tlie clinic and on. animals in the laboratory. We have found this 
electrode satisfactory both from the point of view of consistently obtaining 
.low skin resistances and also because of ease of application. Herrmann and 
Wilson used double connecting binding posts to connect the lead wires to the 
copper wives. In the rcutine use of double binding posts we frequently found 



Fig. i-a. — .A' photograph of a Fahnestock clip. 1-b, shows the lead wire (C) con- 
nected to one of the Fahnestock clips and copper wire (D) used as the electrode con- 
nected to the other end. One-half natural size. 


that the screws of the binding posts were not adjusted tightly. This resulted 
in distortion of the electrocardiogram and waste of time in making readjustments. 
It occurred to us to substitute brass Fahnestock clips! (Fig. 1) for the double 
connecting binding posts. The spring clip automatically makes a tight connection. 
The adjustment is much ciuicker than the use of binding posts with screws. The 
clips can be left attached to the lead wires. 


REFERENCE 
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•From The Hospital of the Rockefeller Institute for Medical Research, New York. 

clips have come into extensive use in wiring radio apparatus. They 
Deatpi toe o to 10 cents per clip. They last indefinitely. If, from re- 
does r, spring becomes pushed down too far so that the small guage wire 

not fit tightly under the clip, the spring can be spread. 
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Coordination of Investigation 


A COMMITTEE of the American Heart Association, known as 
the Committee for the Coordination of Investigation, was or- 
ganized in October, 1927, for the purpose of fostering collective re- 
search in the more definitely medical and scientific aspects of heart 
disease, and has decided npon a definite program for researcli to 
occupy tlie coming year. The committee consists of seven members, , 
Dr. Edward C. Carter of Baltimore, Dr. Cary Eggleston of Neo- 
York, Dr. Edward B. Krurabhaar of Pliiladelphia, Dr. H. iM. Marvm 
of New Haven, Dr. Paul D. White of Boston, Dr. Prank N. Wilson of 
Ann Arbor, and Dr. Harold E. B. Pardee of New York, wlio is the 


Chairman of the Committee. 

A schema for the study of cardiovascular syphilis has been elabo- 
rated by this committee, and vai’ious interested workers througboa 
the country liave been invited to take part in the study, theiebj 
coming contributing members of the committee. Up to the pic.sen^ 
time more than tliirty men have signified their desire to take up 
or more of the phases of this subject. With the cooperation of t lese 
numerous workers, it is confidently believed that this study shou 
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result in a dellnile advanec in ouv knowledge ol! llie etiology, the 
pathology, tlie clinical diagnosis, and the Ircatinent oi! syphilis of 
the heart and aorta. 

The committee will be glad to increase the number of contributing 
members. Anyone wishing to take part in this investigation may 
make application to become a contributing member, and to do this 
should communicate with the chairman, outlining briefly the phase 
of the .subject Avliich lie desires to cover. It is liardly possible to liave 
too many inve.sti gators engaged in this work. No liarm Avill be done, 
and probably much benefit will accrue, even if two or three men 
should be working on exactly the same problem. The agreement or 
the diserepancies in their findings might well be of much importance. 
The committee would be glad also to send to any one who is interested 
to receive it the schema which has been prepared, outlining the study 
of the subject as a whole. It is exjmeted, not that any one person should 
investigate all the problems outlined in this schema, but that each man 
should select those which ho is best fitted to attack, or those in which 
he has the greatest interest. The results of this investigation will be 
reported at the next annual meeting of the American Heart Associa- 
tion and will constitute the scientific se.ssion of this organization. It 
is hoped that the combined researches may be published in book form. 



Society Transactions 


AJIERICAN HEART ASSOCIATION 

FOURTH ANA^UAL SCIENTIFIC SESSION 
June 12, 1928 

riie fourth annual scientific session of the American Heart Associa- 
tion was called to order shortly after two o’clock on Tuesday, June 
12, 1928, in the Ball Room of the Leamington Hotel in Minneapolis, 
Minnesota, as follows: 

The Chairman, Dr. William H. Robey, Boston, Mass. — ^Ladies and gentlemen, 
ive iiave waited, I think, as long as we can for our president. Dr. James B. Herrick 
of Chicago, who was to begin the meeting. I am sorry there is not a larger at- 
tendance. Some of the speakers would like to have a lantern, and I believe that 
one is being brought from somewhere — I tliink in tliis city — so that tlie first paper 
I will call for is by Dr. Hurxthal. 

1. Dr. Lewis jM. Hurxtii.-vl, Boston, Mass. — Heart Failure and Hyper- 

thyroidism. (BAv original article see page 403.) 

2. Dr. Robert H. Halsey, New York, N. Y. — Observations on the 

Mortality of Heart Disease in New York State. (For original 

article see i^age 94.) 

3. Dr. Paul W. Emerson, and Dr. Hyman Green, Boston, Sfass.— 

Idiopathic Hypertrophy of the Heart in Infants.* 

It would be better to designate the tremendous increase in the size of tlie heart 
described in the literature as “idiopathic hypertrophy" hy the term, “liyperl™!’''.' 
of unknown etiology," but so few eases have been reported that for tlie present, 
to keep the literature on the subject accessible, we have retained tlie old iiiime. 
Such enlarged hearts described by Howland in his classical article showed hyper- 
trophy and nothing else except in two instances a very small open foramen male. 
He was of the opinion that it was unjustifiable to discard a case as one of idiopathje 
hypertrophy merely because it showed likewise a simple defect. TIic two kinds of 
cases, hy'pertrophy with simple defect and hj'pertropliy without, are so simfio’' 
clinically tliat one might, before post-mortem examination of tlie heart, swear as lO 
the correctness of a diagnosis, only to find that without a murmur, a siinplo < e 
such as a foramen ovale, an open interventricular septum or a patent ductns 
arteriosus would be present, or that with a murmur nothing would he shown c.M'cp 
a liypertrophy. 

We believe tliat such eases of idiopathic hypertrophy which also 
defects are worthy of reporting as a class and we have five such cases. B d ‘ 
purpose of emiihasizing this class we are reporting six cases of idiopathic 
trophy of the heart without otlier defect. In all of the cases tlie hearts 
larged to from two and a half to four times the normal size, and in all o ' 

‘Abstract of paper read at the Fifth Annual Scientinc Ses.sion of the Amerlc-Mi 
Heart Association in Minneapolis. 
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dyspnea and cyanosis were tlte most coinmon syinpfoms. 'J’lie oldest ])atieiit was 
tweufy-ciglit inonflia of age. Seven died within one week after admission to the 
hospital. ^Vo could find no satisfactory etiology for this disease bat wo suspect 
that a possible and as yet uninvestigated cause may be a congenital narrowing of 
the capillary bed. There were eight autopsies. 

•4. Dll. B. J. CbAtvsoK. :Miimo{ipolis, :Mitnt. — Fibrosis of the Myocar- 
dium. (See ^lyoeai'ditis, pafre 1.) 

5. Dk. Kohert L. JIen.so.v. Portlatul, Ore. — Ruptilre of the Heart. 

DISCUSSIOX 

The CHAIKMAN. — This has been a most interesting grou)) of si>eeclies that has 
been presented this afternoon, and I will ask Dr. Albert to ojien the discussion. 

Dll. Hexry AiAiEiiT, Des Moines, Iowa. — Mr. Chairman. From the public health 
point of view, whiqh is the [loinf of view in which 1 am interested, it is very en- 
couraging to note the very great interest which is being manifested in the study 
of heart disease, not only by the public and the medical jirofession in general, 
but also by special groups, such as is, for instance represented by this association. 
The public has become interested the jiast few years, largely becaii.se heart disease 
is now the loading cause of death in this country, and mortality from heart 
disease also is, and for some years has been, on the increase. 

On the other hand, the public health oflicial meets with two groat ditlienlfics 
when it comes to liearl disease, /■'’ir.vt.— -Heart disease is not a detinitc thing liki- 
tuberculosis and typhoid fever. Heart disease varies so widely in its nature 
and is produced by such diverse causes, that the jiroblem of cvaluntiug the ju- 
flucnce or cfTcct of the several factors is a very com])le.\ and difficult one. Srcojiii . — 
Heart disca.se docs not present the urgent call for immediate attention that we 
have in connection with dijihthoria or scarlet fever or other readily communicable 
diseases. When you have to wait ten or lifteeu years after the cause started to 
act before the disease forces itself on your attention, you can readily appreciate 
that tlie busy liealtli officer is much more likely to look after quarantinable diseases 
and the paying jniblie is much more interested in having the healtli department 
protect them from dangers immediately at liand. 

I was much interested this afternoon, especially in the reference made by Dr. 
Halsey of the iniportanee of seeuring certain statistical data. Ho suggested that 
the cause of heart disease be included on tbe death certificate. Now, I agree 
witli him that it is very desirable to have more definite data, than we now get. 
We who are gathering statistics in state public liealth dejiartmciits arc interested 
in having ns definite data as po.ssible with refereneo to tlio cause of disease, but 
■IS far as heart disease is eoneerued, the cause is not susceptible of being given 
in as definite a form as in connection with most other eondilions, and certainly 
It IS not ns simple as would be implied by simply dividing it into rheumatic, syphilitic, 
■md arteriosclerotic groups. Wo may .speak rather definitely with refereneo to 
the rheuniatie and syphilitic forms but when it comes to arteriosclerosis, we have 
here to deal with a pathological condition, or possibly as suggested by some, with 
■a normal senescent process — rather than an etiological factor. When it comes to 
a case of arteriosclerosis wc have to deal with many factors, some of which are 
•IS yet but poorly understood. 

year or so ago I delved into a certain speculative field. I got tlio notion that 
inoie cases of heart disease were caused by scarlet fever than it liad been given 
medit for. Once having decided upon that notion I wanted to get the data to 
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substantiate t]ie notion, and on the general supposition that most cases of scarlet 
fever probably cause a certain amount of injury— some causing a chronic nephritis- 
others chronic heart disease; and others, milder conditions. I desired to get this 
information in the form of statistics. At the present time there are mauv 
more people who have mirvived an attack of scarlet fever, and presumably been 
injured by the toxin liberated by the streptococcus wliicli causes scarlet fever, 
than there were some years ago. Whereas in 1906 the scarlet fever morbidity 
rate was 112 per 100,000 population, in 1926 the rate was 268. On the other hand, 
in spite of this increase, or at least apparent increase, in the number of eases, 
the mortality rate has decreased from six per 100,000 population in 190G to two in 
1926. According to this, then, there were, in 1906 one hundred and six persons 
out of every 100,000 population who survived an attack of scarlet fever that 
particular year, whereas in 1926 there were 266 persons that thus survived — an in- 
crease of 150 per cent. When we consider that this increase has occurred in a 
rather progressive way almost every year since 1906, it means that tlie cumulative 
effect has been very great. I noticed in last week's Jo^lrnal of the American 
Association a reference to a contribution on allergy- made by Dr. Swift. I don’t 
know just how that process works, but I hope that Dr. Swift is right, largely from 
the standpoint of substantiating my theory. I hope he finds that a considerable 
number of cases of heart disease are due to scarlet fever. 

It is apparent that the solution of the heart disease problem requires not only 
careful research as to etiology, pathology, diagnosis and treatment, but that it 
also requires some long range public health statesmanship. I know of no problem 
in medicine that is in greater need of effective cooperative -work between the 
pathologist, the clinician, and the public health ofiScial. 


Dr. B. S. Oppenheimer, New York, N. Y. — Mr. Chairman, the paper of Dr. 
Emerson interested me because we have had a few such cases of hypertrophy of the 
heart in infants. We have no explanation to offer as to the cause. I recall one 
case. This was a boy bom in 1920 — certainly normal — and he died at the ago 
of 19 months. About a week before he died he became very cyanotic. Attention 
was first attracted to the unusually large heart. Teleroentgenograms showed the 
huge heart he had. There were rapidly progressing symptoms of cardiac failure, 
from which he died. The autopsy revealed no pathological condition of the chest 
at all. The weight of the heart at 19 months was 125 grams. A normal heart 
for this age would be at most 50 grams. This weighed two and a half times 
as much as it should at that age. It was not a man’s sized heart; it v.-is the 
heart of a child of ten. 

I should like to ask Dr. Emerson if there is any evidence that these cases live 
to adult life. As far as I know they have all been fatal. I should like to 
ask him, too, if it is possible that these cases may be due to the narrowing of t le 
capillary bed, and whether that would e.xplain the general hypertrophy of ‘ 'C 


heart. , , j 

I should like to speak for a moment also concerning Dr. Clawsons 
think the difference between the statistics which Dr. Halsey presented • ^ 
figures from Dr. Clawson is accounted for by the fact that the doctors m 
East call everything chronic myocarditis. Dr. Halsey’s paper makes ‘ 

one should not apply the term myocarditis to myolysis. I think tha i 
must be made in order to clear the question of diagnosis on death certificat . 

Dr. Joseph Sailer, Philadelphia, Pa.— Myocarditis is an unsMisfactorj 
Our medical students are taught to diagnose it too readily. Hsual j i 
and the heart sounds are weak and the patient is old, it is assume . 
it is difficult to obtain confirmation from the pathological department. 
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I wish I could agree with Dr. Oppenheimer that myocardial changes can he 
recognized in the electrocardiogram. I have met only one case in which the 
! racing was of proved value. The patient was an old rvoman, and we diagnosed 
before her death that there was a thrombus in one of the branches of the coronary 
artery. This was subsequently demonstrated by filling the coronary circulation with 
metallic mercury and taking an x-ray. 

Dr. Hyman Green, Boston, Mass. — Idiopathic hypertrophy of the heart has 
been confused with other chest conditions. It has been diagnosed tuberculous 
effusion and mediastinal newgrowth. Iir two cases to our knowledge a needle 
has been inserted into the chest, and in one case through the heart itself for what 
was thought to be a pericardial effusion. These cases have been known to us 
onlj' a short time, but we feel that with the increased knowledge of blood pressure, 
the electrocardiogram, and x-rays we will better be able to diagnose this condition. 
The electrocardiogram , is not as yet an absolute means of making the diagnosis, 
however, the curves are fairly characteristic. Our cases all died of heart failure. 
Digitalis was tried in a few but was absolutely of no avail. 

The Chairman. — I have talked this matter over with Dr. Mallory, who assured 
me that acute iuflanunatory conditions of the heart muscle such as we get in 
rheumatism do the heart no material injury. It seems to me difficult to believe 
that you can have these minute scars in the heart without bringing on considerable 
trouble later in life, but I understood Dr. Clawson to say that it did not materially 
damage tlm heart, and other pathologists have insisted upon that also. 

Is there any further discussion upon the papers we have listened to this after- 
noon? If there is none, I will entertain a motion to adjourn. 

(Upon motion duly made and seconded the meeting adjourned.) 
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Keefer, Chester S., and Resnik, William H.: Angina pectoris. Arch. Int. lied, 
1928, xli, 769. 

In this paper the authors present a theory rrhich explains the attacks of 
angina pectoris on a basis of localized anoxemia of the myocardium. They believe 
that the attack occurs n'hon the oxygon supply to the heart is inadequate to 
meet the oxygen demands of the heart. In the usual case of angina, the 
anoxemia is relative, being sufficient for the needs of the heart at rest and 
insufficient when the work of the heart is increased. In acute coronary oeclu- 
mon, liowever, the anoxemia is ab.solutc, since the oxygen supply is inadequate, 

even when the heart is at rest. ■ i i 

Anoxemia of the myocardium may exist without causing angina. Tiey pom 
out that under these conditions when anoxemia affects all the tis.sues of the 
body as well as the heart, for example in pernicious anemia, or when the hear 
is uniformly affected so far as one may judge, angina is usually absent. 1 icn 
the heart is affected in such cases the sjTnptoms are practically ahvays losc 

so-called congestive heart failure. , . ^ heinc 

On the other hand, angina tends to appear when in spite of 
present the contractural power of the heart remains goot , cvic enc c - 

or less complete freedom from dyspnea or other symptoms of a faihngmj^^^^ 

These conditions occur most commonly when only a lestmted p. 
muscle suffers from lack of oxygen, as in coronary 
is relatively uninvolved and hence the contractuial pouei 

good. 

Parkinson, John, and Bedford, B. Bvan.: Successi^.e Changes the Kectro- 
cardiogram After Cardiac Infarction (Coronary Thrombosis). Heart, xi 

Electrocardiograms are given from twenty-eight e.ises “tip" alive ami six'havi' 
of cardiac infarction was made. Twenty-two pa len s ^ the diagnosif- 

died; in four of the latter necropsies were obtaiuec .1 

Tlie modifications of the ventricular complexes ^ gerial records, 

cardiac infarction are described m f i,; the T-waves . 

Usually a definite sequence of changes m th deviation of tl.e H-'T 

recorded. Shortly after the onset of Pv a deep 

segment from the isoeleetne plane oceu . jesser 

of the T-wave in either Lead I or Lead II , oftcr’a few weeks coafora' 

degree of T inversion in Lead II. Curves o) an c ■ „ j,, Lead I ar 
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in experimental eurves after coronary liRation, or after focal injury to tlie 
myocarclhnn. The sifinificance of modifications of the It-T segment and of the T- 
waves is discussed. The definite train of events seen in the electrocardiogram 
can be correlated with the pathologic.al changes evoked in tiie myocardium by 
coronary occlusion. The H-T deviation indicates active spread of tlie area of 
necrosis. It is suggested that T-wave inversion indicates impairment of myocardial 
function in the area of distribution of (he occluded artery, and that such impair- 
ment of function is not confined to the limits of the actual necrosis. The return 
of the T-waves toward normal corresjionds to :i progressive recovery of function 
of the myocardium in the territory of the occluded vc.ssel. Such functional improve- 
ment can be e.xplained by the develoiuuent of a compensatory collateral circulation, 
by the increased circulatory eflicieiicy and rise of blood pressure after recovery 
from shock and by the subsidence of edema :ind cellular exudation .•iround the 
infarct. 

Hume, W. E.: The Action of Adrenalin Chloride on the Human Heart. Quart. 

.Tour. Med., 192S, xxi, 4.')!). 

The gcnerjil efl'ccts of intravenous injections of small .‘imounts of adrenalin 
eliloride arc considered. The electrocardiographic records are described from three 
individuals into whom a similar injection had been made and the effects of adrenalin 
chloride on the mechanism of the heart have been recorded. Two of the cases 
developed ectopic ventricular beats in regular re]>ctition. One of the three cases 
showed transient auricular fibrillation. 

Grant, R. T., and Jones, T. Duckett: A Case of Obstruction to the Cardiac 

Coronary Sinus, Heart, 1928, xiv, 241. 

A case is recorded as an example of anatomical obstruction to tbe coronary 
circulation not on the arterial but on the venous side. The coronary sinus is 
occluded by a fibrous diaphragm apparently not due to a congenital malformation 
but to an old thrombus. 

It would be thought that an obstruction in this situation if it did not cause 
death would interfere seriously with the coronary circulation but in the available 
history there is no unusual feature to suggest this nor was there any evidence in 
the heart itself of the impaired nutrition in the area drained by the occluded vein. 

Grant, R. T., Wood, J. Edwin, Jr., and Jones, T. Duckett: Heart Valve Irregu- 
larities in Relation to Subacute Bacterial Endocarditis. Heart, 1928, xiv, 247. 

Prom the point of view that subacute bacterial endocarditis arises through 
lodgement of bacteria on the valve surface a series of eighty-si.x liearts have been 
examined to note the irregularities present on the valves and to consider their 
possible relation to valvular infection. 

The irregularities of the valve surface ni.ay be classified into two groups namely ; 
lecessions and projections. It is shown that neitlier recesses in the form of pockets 
and crevices nor projections in the form of connective tissue thickenings covered 
with endothelium can be regarded as offering bacteria a foothold on the valve. 

It is found that small platelet thrombi occur with greatest frequency on those 
'ahes especially liable to subacute bacterial endocarditis. These thrombi are not 
themselves the result of bacterial invasion but are probably due to local secondary 
change in the thickened valves. 

Such thrombi can be regarded as offering passing organisms a suitable foothold 
oud nidus for their establishment. 
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It IS suggested that U streptoeoccal invasion ot tlio blood stream oecms at , 

io fl oT V ?”V° ”” “ «» ..It'sbl’ 

foi the development of subacute bacterial endocarditis. 


^ V?; Z.: Lesions in the Pulmonary Artery and 

Valve Associated with Rheumatic Cardiac Disease. Arch. Path., 1928, vi, 247. 


TJie present study was undertaken to determine tlie frequency and type of in- 
flammatory changes in the pulmonary artery and valve and the adjacent fibrous 
ring in cases of rheumatic heart disease. 


A systemmatical study was made in 24 eases of active rheumatic infection of 
Uie heart. In 5 of these histological examinations of the artery revealed an active 
hiflanunatory change consisting on the one liaiid of diffuse cellular infiltration in tlie 
intima and subintimal layers of the media and, on the other of a focal perivascular 
collection of cells comparable to the Aschoff nodules in the inyocardiiun. These 
changes were similar to those described bj' Pappenheiiner and von Glahn in the 
aorta. In two instances tlie intiinal changes were sufficiently widespread to produce 
small macroscopic lesions on the inner surface of the vessel. In two cases the 
disruption of the elastic media was almost as conspicuous as in sj’philis. 

In fourteen of the active eases, the pulmonary valve was the seat of an inter- 
stitial valvulitis which involved a part of the whole of the valve, and in three of 
these the diffuse reactions was accompanied by the Aschoff bodies in the substance 
of the valve. Verrueae were present iir six cases, but these were inconspicuous in 
all but two. 

The museulo-arterial junction was the seat of active inflammation in seventeen 
of the twenty -four eases, or in 70.9 per cent. The more frequent type of reaction 
was of the diffuse variety, but Aschoff bodies were also present in a few. 

In a comparative study of the aorta, its root and valves, the fibrous ring of this 
vessel which corresponds to the museulo-arterial junction of the pulmonary artery, 
was involved in twenty-two, or 90.7 per cent, of the twenty-four cases of active 
rheumatic heart disease. In four instances there were gross lesions in tlie intima, 
and these were more extensive in the aorta than in the pulmonary artery. Diffuse 
inflammatory changes were found in tlie wall of the artery in each of these cases. 
Aschoff bodies were not seen. 

As controls, thirty-one cases of nonrheumatic pericarditis and seventy-five cases 
in which neither pericarditis nor rheumatic cardiac disease was present were studied. 
In one of the control cases lesions were found which could be confused with those 
seen in the pulmonary artery, valve and museulo-arterial junction in eases of acfii 
rheumatic cardiac disease. 


Zinsser, Hans, and Yu, H.: The Bacteriology of Rheumatic Pever and the Al- 
lergic Hypothesis. Arch. Int. Med., 1928, Ixii, 301. 

The authors reported the cases described in this paper because Diey seemed to 
them to illustrate certain features in the bacteriology of rlioumatie 
were inconsistent with the assumption of a specific and single hactcviologic e lo og 
in this disease. The cases were all of more or less the same clinical group, 
organisms antigenically and in other respects differed from each other. 

Moreover, the isolation of the bacteria in one case from the "’-vocnr'lium • 
in two— which illustrate the more chronic type of the disease-froin the 1 
seems to offer a reasonable explanation for the frequent ^ 

organisms from the blood stream and to point to 

bacteria during the prolonged periods of quiescence. Tins also md.oafos I 
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from which cultures ut autopsy may he expected to yield the streptococci when 
they are absent from the blood and the pericardial exudate. 

Moreover, a coordination of the observations in their cases with prolonged experi- 
mental studies on bacterial allergy seemed to them to lend added support to the 
point of view that foeal infection with a consequent sensitization of the body is in 
keeping with the many otherwise contradictory experimental and clinical observa- 
tions that have been made on this disease, and to lend added weight to the view 
that the allergic theory is a reasonable one as applied to the causation of many 
of the manifestations of rheumatic fever. 

The authors h.ave not yet been able in their experimental work to produce .ioint 
lesions in allergic animals except by direct injection of the antigen into the joints. 
All attempts to arouse sterile joint reactions in either allergic riibbits or guinea 
pigs by injecting the antigen iutr.avenously or intraperitoneally have so far failed 
although they have been attempting this for a number of years. They have found 
that success in producing joint manifestations of any severity has usually neces- 
sitated repeated injections of the same joints. 

The experimental circle of evidence, therefore, is not entirely closed, but it may 
be that in man the frequent association of joint manifestations with chilling, ex- 
posure, etc., may be due to the establishment thereby of abnormal circulatory com- 
munication between joints and the blood stream, in which sensitizing contact between 
the constituents of the blood stream and the joints can take phacc in a focally in- 
fected allergic person. 

It seemed to them possible that the curious frequency with which nonhemolytic 
streptococci arc associated with the disease, while at the same time nonhemolytic 
streptococci so found represent many varieties, may be due to the fact that with 
these organisms that peculiar balance between invasiveness and resistance is estab- 
lished in man, which most easily results in chronic infection. 

At the same time, in appraising the significance of the different varieties of 
organism which Swift and his coworkers, as well as the authors, have found in 
one and the same case, it must be remembered that studies on bacterial mutation 
are considerably altering our opinions concerning the fixity of species; and modifica- 
tions of the organisms inhabiting the body for months and years must be con- 
sidered as possibilities until this chapter of bacteriology h.as made further progress. 

The suggestion that many of the manifestations of rheumatic fever are dependent 
on the mechanism of bacterial hypersensitiveness is not a new one, but has been 
gaining .force. On the whole, their observations of the last four or five years, both 
in the experimental study of bacterial allergy and in the analysis of clinical material, 
incline them to favor this view rather than that favored by Small, Birkhaug and 
others in which a single specific toxinforming organism is held respomsible. 

Kurtz, Chester M., and White, Paul D.: The Percussion of the Heart Borders 

and the Roentgen Ray Shadow of the Heart. A Study of One Hundred 

Cases. Amer. Jour. Med. Sc., 1.028, clxxvi, 181. 

The present paper is an endeavor to determine the trustworthiness of the 
percussion of the heart borders as compared with the “7 foot rocutgen-ray plate.” 

The study is based on the examination of one hundred p)atients of all ages and 
both sexes seen in the out-patient department and wards of the Massachusetts 
General Hospital. The actual percussion was carefully done by three well trained 
observers and the roentgen-ray plates were measured and checked by a fourth. 

Percussion is reasonably accurate as shown by comparison with a 7 foot roentgen- 
faj plate. It is simple, rapid and requires no apparatus and it is occasionally a 
valuable check on the accuracy of roentgen-ray technic and interpretation. 
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Peicussion js of value :n deter, niniiig tlie cardiac outline espocialjy in the tidal 
eft interspace as tins may be tl.e only portion of the heart winch is enlarged to 
pJiysical examination, as in mitral stenosis and congenital heart disease. Pc, Lfm 
m the second interspace both to right and left and in the fourth right iutcrsn.^cc 
should always be attempted because in case of marked increase widening m 
usually be detected even though the measurements themselves are hound to he 
inexact. 


Hitchcock, C. H.: Studies on Indifferent Streptococci, l. Separation of a Sero- 
logical Group — Tsrpe I. Jour. Exp. Med., 192S, .xlviii, 393. 

Serological study of one hundred and fifty-nine strains of indifferent streptococci 
has revealed tlie existence of a large liomogcneous group to which the designation 
Type I has been applied. All strains of Type I ferment inulin and salicin. The 
members of this type are not necessarily identical and further division into subtypes 
may be feasible. 

Those strains not failing into the group of Type I are referred to as belonging 
to Group X. Tliey are distinguished only by tlieir failure to react strongly with 
Type I serum. The organisms of this group vary in their fernientii'e reactions with 
both inulin aiid salicin. 

The organisms were secured from the throats of piatients suffering from various 
diseases including rheumatic fever, from the throats of normal individuals, from 
the interior of tonsils removed at operation or from blood cultures of patients 
with acute rheumatic fever. 


Hitchcock, C. H.; Studies on Indifferent Streptococci. II. Observations on the 
Distrihution of Indifferent Streptococci in the Throats of Eheumatic and Non- 
Rheumatic Individuals. Jour. Exp. Med., 1928, xlviii, 403. 

Indifferent streptococci occur in comparatively’ the same abundance in the 
throats of patients suffering from rheumatic fever or early in convalescence from 
the disease as they do in those who have recovered from the disease or in tliose 
of patients suffering from other diseases. 

There is a slightly increased incidence of these niicroorganisms in the tliroafs 
of hospital patients as compared with those of normal individuals. 

Type I occurs with comparatively equal frequency and abundance m the fliroafs 
of all four classes of individuals studied. 


Cannell, D. E.: Myocardial Degenerations in Yellow Fever. Am. Jour. Pall!-/ 
1928, iv, 431. 

The microscopic examination and aualysis of the hearts of tnentj-nine cases 
West African yellmv fever and those of nine monkeys experimentally mfectet m ' 


West African yellow fever, is reported. 

Cloudy swelling, granular and fatty degeneration were found constantly' m ic 
hearts of both the human cases and those experimentally induced in the niouKcy - 
Primary inflammatory clianges were not seen in the hearts examined. 
response of white blood cells to intense degeneration was observed m 

CtlSGS* ♦ t V 

Tlio distribution .nid iuteusitj- of granulur ond fatly ““ J j, ; 

and larioblo. Tbc looioas in Iho boart am in tbonrsoivo, not snffio.cnt to n.aU 


diagnosis of yellow fever. 
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The causation of the slow j)nlse in vcllow fever is still nncertain and donbt 
is throwai upon the belief that it is dne to the .innndice. 

Pnrther investigation of the clinical function and the jiathological changes in the 
bundle of His may lead to solution of this problem. 


Johnson, Scott, and Siebert, Walter J.: Experimental Myoc.arditlc Lesions in 

the Babbit. Arch. Path., llhlS, vi, 54. 

The purpose of this study was to determine whether the heart of the r.abbit 
in which myocarditis has been produced by the injection of cafTeiiie :ind epinejihrine 
is more susceptible to bacterial infection than the normal heart of the rabbit. 

When rabbits so tre.ated are subsequently injected intravenously with the bouillon 
culture of a suitable strain of stajihyloeoecns aureus, abscesses of the heart arc 
produced much more fref|nentty thaii in rabbits not j>ri>vioiisly injected with cafreine 
and ejunephrine. If a more active strain of sta])hyloeocens is used, the abscesses 
occur even in the majority of the control .animals. With this strain, also, the 
expcrimcnt.ally produced myocarditic lesion still intlnences the localization of the 
abscesses which develop in .and around the myocarditic. .are.a mainly in the left 
ventricle and in the jnijiillary muscles, and less frecpiently in the endocardium .and 
in the left auricle. 

Cardiac deeomiiensation nmy be produced in r.abbits by injection of caffeine and 
epinephrine alone .as a result of the myocarditis thus produced; but the frecpiency 
of cardiac decompensation may be increased by subsequent injections of a suitable 
strain of staphylococcus .aureus. 

The proliferation of the endotheli\im which occurs adjacent to the myocardial 
lesion, following the injections of caffeine and e])incphrine. npj)e!irs to jiredi-spose 
the site of this lesion to the formation of mural thrombi in case a comparatively 
nonvirulent strain of staphylocoeens aureus culture is injected into the blood stre.am 
subsequent to the injection of caffeine and ej)inej>hrine. 

It w as not possible to demonstrate any direct relationship between the acute 
vegetations on the valve.s of the heart and a lesion of the valves ])roduccd by the 
injections of caffeine and epinejihrine. 

The presence of a myocarditic lesion may indirectly favor the production of a 
fibrinous pericarditis and of pneumonia. On the other hand, injections of caffeine 
and epinephrine and the lesions produced thereby apparently do not markedly lower 
the resistance of the pericardium to the action of bacteria injected into the peri- 
cardial sac. 


Bourne, C. B.: Auricular Flutter Bestored to Normal Bliytbm by Quinidlne. 

Can. Med. Assn. .Tour., lt)2.S, xix, 180. 

The interest in this report lies in the type of disturbance of cardiac mechan- 
ism and the method of its restoration to normal. 

In. a patient aged 38 there was an established auricular flutter in n heart 
definitely enlarged w'ithout gross c.ardiac failure. There was marked tolerance 
for quinidine and massive dosage rvas required to restore the normal mechanism 
of the heartbeat. 

Digitalis improved the ventricular action, but apparently had a mild effect 
On the disappearance of the flutter. 
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Nathanson, M. H.; The Electrocardiogram in Diphtheria. Arch. Int Med 19 ‘'R 
xlii, 23. ■ ’ ^ 

In fifteen severe and moderately severe case.s of diphtheria, approximately 
fifty per cent of the patients showed inversion of the T-wave in significant leads 
during convalescence. 

Two patients showing inversion of the T-wavc died suddenly. 

In the patients that recovered, the inverted T-wave returned to normal as 
early as seven weeks after the onset of the disease. 

Cats injected with sublethal doses of diphtheria toxin showed consistently 
similar T-wave alterations, usuallj' within forty-eight hours. 

These observations support the jiiyocardial theory of the circulatory failure 
in diphtheria. 

Barker, M. Herbeft, and Levine, Samuel A.: Cardiazol: Some Experimental 
Effects of this Drug on the Cardiorespiratory Mechanism. Arch. Int. Ulod., 
102S, xlii, 14. 

In a scries of experiments on eats it was found that cardiazol did not li.ive 
any beneficial effect on the cardiorespiratory mechanism. This was true in the 
normal animal and in states of depression, produced by cjuinidino, hemorrhage 
and acid intoxication. 


Miller, H. K., and Weiss, Menus M.: Disease of the Coronary Arteries. Arch. 

Int. kled., 1928, xlii, 74. 

In cases of marked disease of the coronary vessels, together with a disensed 
heart on gross examination, the heart was found to be unhypertrophied and 
even small as revealed at autopsy in the nineteen cases tabulated in this study. 

There wore two patients with disease of the coronary arteries in whom clin- 
ical manifestations and roentgen-ray evidence pointed to cardiac ealargemcnt. 
These hearts were dilated; they should not mistakenly be considered hyper- 
trophied. 

It may be that in the patients with disease of the coronary arteries in whom 
the heart remained small the organ failed to hypertrophy^ because it possessed 
a potential mechanism ready to function through adequate collateral channels 
whenever the coronary circulation was gradually blocked or impeded. 

Carr, James H., and Keddicb, Walter G.: Conduction Disturbances in Acute 

Rheumatic Infections. Jour. Am. Med. A.ssn., 192S, xci, 85.3. 

This study covers fourteen cases of acute artliritis in wliich there was some 
disturbance of auriculo-ventricular conduction. This di.sturbaiicc consi.stci o 
simple prolongation, incomplete block and comidete block. Tlie block vas 
times temporary. 

In this group eight patients were taking sodium salicylate at liio time 
block was discovered and in no case was the drug stopped and in all the norm 
conduction time was restored while the same dosage was continued. 
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THE TEEATI^IENT OE EIIELAAIATJC CARDITIS BY ROENTGEN 
IRRADIATION OF THE IlEART^' 

Rohkut L. Lew, IM.D., and Ross Goedkk, IM.D. 

New York. N. Y . 


IXTUOnUOTIOX 


T here arc reasoirs for Ijclieving that roentgen ray.s, in snilaRle 
do.scs, niiglifbe cxpeclccl to exercise an ciVeet upon rheinnatie le- 
sion.s in the heart, Roentgen tlierapy has been successfully employed 
in the treatment of certain low grade infections, such as tuberculous 
lymphadenitis, acne, and iritis. Even more acute inflammatory condi- 
tions, such as carbuncles, furuncles, and erysipelas are often favorably 
influenced. The result of treatment appeal’s to be a modification of 
the local tissue reaction, but the mechanism by which this is brought 
about is not understood. 

Another effect of roentgen therapy is its effect upon scar tissue. 
Cicatrices of the skin become softer and more flexible after irradia- 
tion and keloids may be greatly reduced in size. In undertaking the 
present work, the treatment was at first given with the idea of modi- 
fying the character of the tissues in the region of the mitral valve in 
cases of mitival stenosis. In order to avoid an,y ])ossibility of injury 
to tlie heart, small doses wore used, comparable to those employed in 
the treatment of local infections. As it became apparent that changes 
were being induced in the myocardium with these quantities of irra- 
diation, larger amounts were not employed. The amount of irradia- 
tion necesary to modify scar tissue is greater than such dosage and 
the time required for the change to occur is relatively long. It is 
probable, therefore, that this effect played no role in the results now 
reported. 


LITERATURE 


A detailed review of the literature concerning the effects of roent- 
gen irradiation on the cardiovascular system was given in an earlier 


hi 
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•i't'tI’F Kopartmont of Medicine. Collofie of Phy.sicians and Suraeon.s of Colum- 
1- ^univer.sity and the Presbyterian Hospital. 

Lead at the Meetin;;- of tlic A.ssociation of American Pliysici.ans, Washington 
.June 2, 1028. 
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paper ^ In suminaiy, it lias been slionoi that roentgen-ray tlieraiiv 
though recommended for the relief of certain types of cardiac pain is 
of doubtful value.- Post-mortem examination of the lieart of one 
patient with Hodgkin’s disease ivho received irradiation over tlie 
mediastinum showed myocardial lesions believed to denote specific 
loentgen-ray injury to the heart muscle.-’ In numerous otlier patients 
receiving- roentgen tlierapy over the chest for various forms of tho- 
racic tumor, and examined eleetrocardiographieally and at necropsy, 
no evidence of cardiac damage was found.^ In a series of rabbits irra- 
diated over the heart with doses comparable to those emiiloyed in the 
clinic, tiansitory ventrieulai* premature beats were recorded once. 
Pathologically, no characteristic changes were noted.® Following ex- 
posure of the riglit Inng of dogs to considerably larger doses, cell 
necrosis, hemorrhage, and proliferation of connective tissue were found 
in the musculature of the right auricle.® 

Since this abstract of iireAuous work was compiled, three papers 
have appeared dealing with this subject. TsuzukP irradiated rabbits 
through the hack. Thirty-six hours after exposure to 21 per cent o£ 
the skin erythema do.se, he found fatty granules in the heart muscle cells. 
After 32 per cent of the erythema dose was given, the muscle cells 
showed beginning fatty degeneration ; this was more distinct at tlie 
end of ninety-six hours. The author was uncertain wliether the 
changes described were due to the direct or indirect effect of the rays. 

Hartman and his collaborators® irradiated the anterior thoracic ivall 


of dogs and sheep with from 3 to 18 times the linman erythema close 
given either in a single, massive exposure or in repeated smaller ap- 
plications. Following such treatment they found gross and micro- 
scopic lesions in the heart muscle, and alterations in the electrocardio- 
graphic records. The graphic changes reported were inversion of tiie 
T-waves and the appearance of abnormal forms of T; cardiac irregu- 
larities, such as paroxysmal tachycardia, auricular flutter, and fibril- 
lation j slight prolongation of the P-R interval; diminished voltage of 
QRS. It must be borne in mind tliat the amount of rays used was 
many times greater than is ever employed for clinical imrposes. Tiieso. 
authors also present the records of tliree patients who were given 
relatively large amounts of irradiation over the cardiac area incidenta! 
to treatment for mediastinal or lung tumors. Necropsy was performed 


in each instance and microscopic changes were described in the myo- 
cardium comparable to those found in the experimental ammal.s. 
These reports do not present convincing evidence as to the relation 
between roentgen therapy and the changes observed in the heart. As 
stated by the authors, terminal infection in two cases and the advanccf 
age of the third patient probably had a heaving on the flnding.s. 

"'Warthin and Pohle-'’ exposed the precordinm of rats and rahbifs le 
a sino-le dose of roentgen rays of .short wave-lengtli, the surface do.si 
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being' equivalent to one Innnan erylhcnia dose. No elinical symptoms 
of roentgen-ray injury vere noled and lliere were no gross pathologi- 
cal changes at necropsy. In one out of twcniy-four rabbits an unusual, 
degree of Zenker’s necrosis was found on microscopic examination. 
In two of thirty rats, hyaline degeneration was found in the heart 
muscle, of a degree warranting the conclusion that this change was 
caused by irradiation. It was concluded that a single exposure of the 
precordium of these animals to the dose described did not produce 
definite and irreparable injury to the heart. 

MATKIUAL AXn MliTlIOD OF STUDY 

Two reports of our work have already been made.’ Tn the present 
])aper, fiirther observations are included and a more detailed crniical 
analysis has been undertaken. Thirty patients with rheumatic cardi- 
tis have received roentgen irradiation to the heart with the idea of 
attempting to influence the cardiac lesions of rheumatism in a favor- 
able manner. In the group are included eases exhibiting various 
phases of rheumatic infection — acute and chronic, febillo and afebrile. 
There were patients in the first attack with early cardiac involvement; 
others had large hearts, severely damaged valves, and advanced me- 
chanical defects. In seven cases, paroxysms of heart pain were a 
dominant feature. The material was intentionally varied in order to 
learn, if possible, which types of rheumatic heart disease might be 
affected by irradiation. In addition to noting changes in clinical 
condition, frequent electrocardiograms and numerous teleroentgeno- 
grams were made. 


TUCHSU’ OF IKKADIATIOX 

With the .lid of a cross-sect ion diagram of the chest at the level of the fourth 
oliondrosternal junction and a depth-dose cliart, tliere was calculated a quantity 
of rays yielding ahout 10 per cent of the erythema dose througliout the region 
of the heart. This was given in two fields, both front and back, large enough to 
include the entire cardiac area, e.ach field being centered about 5 cm. to the 
left of the inidline. It seemed advisable to use small doses in order to avoid any 
possible injury to the heart and because the quantity of rays used in the treatment 
of infectious is not large. 

The machine setting was; 200 KV (peak); 50 era. target skin distance; 0.5 
nun. copper plus 1.0 mm. aluminum filter. The usual dose was 30 inilliampere minutes 
over the front and 54 to 72 inilliampere minutes over the back, depending upon the 
size of the cliest. If nausea and vomiting occurred, subsequent doses were decreased 
to 8 per cent of the calculated erythema dose. The treatment was repeated every 
two weeks until four had been given. At least a iiionth was allowed to elajise 
before undertaking another series. The number of irradiations given to one patient 
langed from two to twenty-five; most patients received at least one series of 
four. In this group of eases, it appeared likely that at least one series of four 
treatments was necessary to initi.ate iniprovcmeiit, when this occurred. More pro- 
longed therapy is probably desirable. Modification of the teebnie may yield bet- 
ter results. 
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RESUHTS 

Changes in the Electrocardiogram . — normal individuals, the form 
of the eleetroeardiogTam remains quite constant over long periods of 
time. As a result of disease of the heart, changes may occur. In rlieu- 
matic fever, electrocardiographic evidence of myocardial involvement, 
as^ shown by alterations in the form of the graphs, is frequently ob- 
tarnable."® These changes are not to be regarded as specific for rlieu- 
matisni; they are merely an expession of disturbance -in the heart 

Table I 


Summary 

30 Cases 

249 Hoentgen Irradiations 
649 Electrocardiograms 


DURATION OP POLLOW-UP SINCE FIRST IRRADIATION 
3 years 3 eases 

2 to 3 years 4 cases 

1 to 2 years g cases 

Less than 1 year ^ 14 cases 

ELECTROCARDIOGRAPHIC CHANGES 
Present 17 cases 

Absent 13 cases 

CLINICAL CONDITION 

Improved at the End of tJie Follow-Up Period 21 cases 

Improved Temporarily 3 cases 

Unimproved 1 ease 

Died 5 eases 

RELATIONSHIP OF ELECTROCARDIOGRAPHIC CHANGES TO CLINICAL CONDITION 
Improvement with EKG. Changes 14 cases 

Improvement without EKG. Changes 10 cases 

EKG. Changes witliout Improvement 3 cases 

neither Improvement nor EKG. Changes 3 cases 


muscle. In this study, several control records were ahvays made and 
the effect of digitalis was excluded. Except for occasional shortening 
of A-V conduction time,^^ salicylates, in our experience, do not modifj 
the electrocardiogram in rhenniatie fever. It is believed that the 
changes observed in our cases were due to the effect of irradiation on 
rheumatic lesions in the heart muscle. The fact that changes in 1 ^ 
form of the graphs did not occur in every instance lends support to t ic 
concept; for myocardial lesions are not found in every case of rhea 
matic heart disease. Furthermore, it seems probable that the lesions 
vary in their susceptibility to the effects of irradiation at 
stages of their evolution. It is impossible at present to form ai 
opinion concerning the possible effect of tlie rays on valvular lesions. 
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Changes in llic I’orm ol' the eloctrocavcliograin wore observed in 37 
of the 30 cases. In 34 of ibesc 17 eases, clinical improvoinent, ^Yas also 
noted. 33nt elinieal iinprovcinenl. Avas noted also in 30 cases in Avhicli 
no graphic changes Avore recorded. 11, appears, then, that, change in 
clinical condition and change in the electrocardiogram do not, neces- 
sarily parallel each other; hnt folUnving irradiation, electrocardio- 
graphic change Avilhont hot torment is nncommon. 

The alterations in the form of the cnrves Avere, of nnmerons varieties: 
a. IiiA’ersion or deepening of the T-AvaA'o.s — 38 cases. This Avas the 
change most frequently ohseiwed. It Avas seen sometimes in all leads, 
hut occasionally only in Load IK. In l<’ig. 3 is shoAvn an example of 
this eft'ect. Slight deepening of ll)e T-Avave in Leafl 111 is seen on the 
day folloAving the first exi)osnre (Hay 28). Six weeks after beginning 
roentgenotherapy, and after the fourth treatment, T,, is seen to he 
.sharply inverted and T.^ distinctly llattened (July 5)). Treatments 
AA'ere then discontinued. ]>y December 29, some five months later, T3 
Avas upright and IL higher. FolloAving a second series of roentgen- 
ray exposures, the T-Avaves again shoAved changes similar to those seen 
after the first scries, though of somcAvliat less marlced degree. The 
same sequence of events Avas repealed a third time. In this case, clini- 
cal improvement Avas striking. 

h. Inver.sion or flattening of the I’-Avave — 9 cases. Tliis Avas seen 
as a transitory change, appearing usually soon after beginning roent- 
genotherapy and, as in the ease of the T-wave changes, sometimes 
recuiTiug after succc.ssive conr.ses. 

c. Change in electrical axis — 7 cases. This Avas an interesting find- 
ing. It is a change Avhich avc have observed also in cases of rheumatic 
heart disease Avith active inyocardial lesions, uninfluenced by I’ocnt- 
genotherapy. The shift Avas ahvays in the direction of rigid axis 
deviation. (Fig. 2.) 

d. Change in the form of QR^ — u case.s. Variations in tlic position 
and shape of the notch in R or 8, as Avell as difference.s^in the duration 
of QRS Avere noted. In the example ])ictnred in l^'ig. 3. changes in the 
form and direction of P and T arc also shoAvn. 

e. Ventricular premature heats — 3 cases. These occurred Avithin a 
daj' or tAvo after exiiosure and .sngge.sted the possibility of an irrita- 
tive reaction in the myocardium (IKg. 3). 

f. Auricular premature beats — 2 cases. These probably have the 
same significance as the extrasystoles of Amnti'ienlar origin. 

g. Elevation or depression of the R-T interval — 2 cases. Like the 
other changes, this denotes disturbance in the myocardium. 

h. Shortening of auriculo-Afcntrieular conduction time — 1 case. (See 
Table 11.) 



Table II 

L. Y., Male, Aged Sixteen. Presbyterian Hospital No. 64000 


132 


THE AMERICAN HEART JOURNAL 


o o o 
o o o 

00 to V* 


o o o o 

o O o o 

O ic* lo o 

Ob*. o"" 

f—i r-f 


*^i^-i^“hooc: 5 ooooooooooooci-f< 

ojc^ic'ic'jcococo-teoococccocooooortc^'i 


ks" 


rJHOOOOOOoqrHOoOOCOCOCOC'lONOCOO 
2 ^ ^ Ci O O 00 CO CO C5 00 ci O ci CTi 

oc:CiCiCiC5c:iCiCic:oCiC;CiCiC:cjoooo 


M 2 ►r* 

o 5 ^ 

(U ^ 

^ ^ ^ 

> o ^ 


Car-fCCOC5-t'Q0O00*i^C7r-fOOC>C‘3!?lO 


+ + •+• + + + 4 * 4 - 


*f + + 


4- + 4- + + -H + + + 


4 - + 4 - 


II III III 


I I I 


» -f* 

-tH CO C5 
03 CO (M 


00 ir? 

<M CO 03 

o o o 


tv GO 
CO CO CO 

o o o 


CO O VO 
00 o t>- 


00 *o 

l> 


00 CO GO 
O O 


CO Cl 
I- O 


‘•'= s s ?, ?. s S g ^ ^ 5 'i 



Table II — Cokt’d 


LEVY AND GOLDEN : TREATMENT OP RHEUMATIC CARDITIS loo 


a 


Ph 

m 


Zfl 

K 

O 

O 

p 

a 


o o o 
o o o 

O O lO 


o 

o 

o 


o 

o 

o 


o 

o 

o 


o 

o 

o 




rt< O O O O O O O O O O O O O O O o O O 
»H ci c4 oi CQ o o o o o o o d o o o d d o o o o d 


OOOCO-t^CC-iHCOOOtC^COOOCCOTj^N^CaOCDWO 

dddccdcococoddr-HOrHodcidddcscsccdd 
OOCiC^CiCiCiOCiOOOOOCiCiCiOCiCiCiCiC; c; 


(u ^ 
o a 


rHC<lT-HrHrH(M(MOT-lr-T-<OOr^t“iOOOT--. r-!Or-!' 


&3 

«§ 

o* 2 


+ 4*4*4-+ + ++ ++ + 

+ + + + + 


+ + + + + + + + + 4 — h + + + + + + + + 


+ +1 ! I+ + + + + +1 + + + 41 + + +I+ + 


I 1 I I I I I I I 1 i I I +1 I I I i I I 



""N 



























CQ 



























W 




+ 


+ 


O 

o 

OO 

c: 

00 

O 00 

Ci 

o 

o 


CO 

o 

O 

O 

O 


O 







Cl 

Cl 

CC 

cc 

t— t 

rH 

rH 

Cl 

rH rH 

T-H 

Cl 

Cl 


rH 

Cl 

Cl 

Cl 

Cl 


Cl 






d 


d 

d 

o 

o 

o 

O 

O 

o 

O O 

O 

o 

o 


O 

o 

o 

o 

o 


d 


a 






















































w 































rS 


o 

CO 

CO 

o 

CO 

+ 

O 

IR 

CO lO 

CO 

CT) 

CO 


CO 

CO 

GO 

cr. 

CO 


CO 


•< 




t>. 


lO 

<o 

1- 

t- 

OJ 

<P 

o 

CO 

C; CC 

CO 

t- 

t'- 


CO 

CO 

CO 

i— 

1— 


CO 














rH 














. 


























RADIO 

<5 

cs 

s 







VI 





VI I 





VIII 






































Cl 

c: 

r-H 


b- 

CO 

c; 


tH 

Cl 

CO + 

uo 


CO 

o. 

o 

Cl 

cc 


t— 

C; 

CO 





r-^ 

rH 

Cl 

C4 

Cl 

Cl 

Cl 

CO 








rH 

rH 

rH 

m 

rH 


Cl 




























R 


Ci 

1— 











—s <>— 



<~v 

— H 

<— 1 



l-V 




1 





c: 

r" 

I— 





ZJ 


o a 

Zt 

o 

o 

OJ 

Z> 

o 

O 

ZJ 

O 

o 






1-5 





>-5 





?+ 

f+ 

'rH 


1+ 


fSU 

U4 

P“* 

—1 

A 

“ 















136 


THE AMERICAN HEART JOURNAL 



LKVY AN1> 


TialATMKNT OK !.’! I KKM ATK ' CAUIXTIS 


i:!7 


The liiiii' 1)1' iipiH'in-iUUM' jiiid dunilioii oi! I lie ronii cliniijii's in I'elii- 
tiou 1o irriidiatiou wore variahlo. As slalod. 'r-wavo. iiiYiTsioH usn- 
iiUy boy:an soon al'tor bopinnin”' Iroaliuoni, pvo^rossod gradually, and 
lasted often for weeks or inonllis. Alterations in QH8 were sometimes 
temporary, lint w<'re oerasionally permanent, as shown in ]''i<j-. d. The 


1 11 HI 

Apr. 2 1926 



'O’e mosf ’ “'‘’a-aiation on the QRS gvonn of the elcctrocaiaiogi'am. The changes 

the notov. ”? Lead I. The R-wave hccoines sharply notched following irradiation and 

Tho form and position in .successive gi’aphs. 

shovvintr shows nitorations in the P- and T-wuves in I^oads II and III. After 

Constant nAi continuously over a period of sixteen months, the form of the curves became 
‘ei and has remained ■ =-’■* 


.'^o for eight months. 





Ki)?. — KfCect oC irr:iaiallon on tho electrical axis. Two control recortls arc shown, taken one week apart. Foliowinp irrailiation. there 
la a shiCt oC tho eloctvlcal axis to tl\c rlKht, rcsultinjr in tho sequence known as riKht ventricular preponderance. Tho chnuf^a Is trans/fory, 
and two day.s after Irradiation, the Kraph.s resemble those .seen In th<i controls. 
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oilier cliongos jipjieiirod soon ol'for 011 exposure uiul iverc evnnesecnl, 
disappeariiifr ol!tcu in the course ol a lew days. 

Effcci on Clinical Goiuliiiomi . — liccausc eases ol’ varying degrees ol’ 
severity were included in the group, representing dilTerent, stages ol 
rheumatic iulection, it was to he exiieeted that the results would In* 
variable. It. is also possible that some ol the patients did not. receive 
a sufficient number ol treatments. Ol the thirty patients, twenty-one 
(TO per cent) were considered iupiroved at. the end ol the lollow-u)i 
period. Variability and uncertainty in the clinical course ol rlu'u- 
matic fever are well huown. To projiose to establish the value ol a 
thera])eutie procedure on the ba.sis ol a small series ol cases, however 
carefully observed, is clearly unsound. It is our im]n’ession that in 
many ol these cases, imi)rovement was definitc'ly related to roentgeno- 
therapy. The change in condition was evidenced by c.cssation ol fever, 
fall in heart rate, disai>pearance ol leueocytosis. and gain in weight. 
In most ol the cases, salicylates and drugs ol the ciuehophen group 
were given. AVhere possible, a control jieriod, li-ee from all other 
therapy, was carried out, prior to starting irradiation. The five pa- 
tients who died had advanced lesions and continuously active rheu- 
matism with progressive myocardial failure. Some ol the instances of 
improvement, were striking, fseven patients had paroxysms ol severe 
cardiac pain. Five of tliese were relieved during the follow-up ])eriod. 
The results can best be indicated by citing briefly a lew illustrative 
eases, including both favorable and unsuccesslul examples. 

C.\sr, 1. — A girl of tliirlceii years gavo ii liislory of rocurriiig artlirili.s for four 
years, -willi dyspnea ami edema for nine moiUhs. The heart was large and showed 
a double mitral lesion. Slio had been in the iiospi(:il for nine inonUis, during 
which there was continued fever, tachycardia, che.st jniin, and leucocyto.sis, although 
the .toint manifestations were negligible. S;ilieylate and neocinehojdicn were jhI- 
niinistered repeatedly in large dose.s, :ind .•-**ver;il small Ir.'insfiisioiis were given. 
IToart failure was controlled with digitalis. All diseovi'rable foci of infection 
were carefully eradicated. I.ow grade iufecliou ]ior,sisted and n])])earcd to bo 
chiefly in the heart. Pivo days after the fir.st irr.'Hliation, the temperature fell to 
normal, with parallel decrease in heart rate. With but few minor setbacks im- 
piovcineut continued. During the next eleven months she received thirteen roentgen 
treatments. Pollowing roentgenotherapy, the elect rocardiogram.s showed a .striking 
.shift in electrical axis on two occasions, .•ind sliglil changes in P, T, and the P-T 
interval at otlior times. Auricular premature heats were noted once. It is now 
over three ye.ars since radiollieraiiy was begun, and she has had none for over 
tno years. The electrocardiogram has been constant in form for eighteen months, 
fhere has been no reerudosceneo, she 1ms grown and g:iined weight, and goes to 
public school. The relationship between irradiation and the onset of improvement 
seemed definite; and the course since leaving the hospital has hecn much more 
favorable than might have been nnticiiiatcd in this type of case. 

Case 2. — A boy of sixteen years, with enormous heart, double mUral lesion, and 
aortic insuffieieney, liad had recurring rheumatic infection since the ago of twelve. 
Heart symptoms appeared at the ago of thirteen. Tonsillectomy was performed 
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at the age of ten. For tliree years he had beci, bedridden, suffering from sevrte 
paroxysms of heart pazn. During these attacks iiis blood pressure ^vould often 
rise to above 200 mm. Hg. and he would break out in a cold perspiration Altro- 
glycerin afforded relief. At the time of atbnission to the hospital, he was havinc 
as many as twelve of these paroxysms in the course of twenty-four hours and wa« 
taking up to 20 tablets of nitroglycerin dai] 3 '. There was slight fever. The 
leucocytes were 16,000. The electrocardiogram showed sinus rhytlnn, marked loft 
ventricular preponderance, prolonged P-E interval, inversion of T, and notching of 
E„. Clearly, there was marked myocardial damage with active lesions present 
in the heart muscle. His course and response to irradiation are shown in Talile 
II. Of greatest interest is the relief from parox^-sms of pain. Conduction time 
(P'R iiiteiial) returned to within normal limits. Fever and leucoc_vtosis likewise siili- 
sided except when embolic infarction of the spleen occurred on two occasions. The 
electrocardiogram, constant in form prior to beginning roentgenotherajij", began to 
show changes after the third treatment, shortly after the onset of clinical im- 
provement. >Salicylate was given only in small doses because it was poorlj' tolerated; 
it seems improbable that it i)la 3 'ed a role in the relief of pain. 

Unhappil}', the attacks of pain recurred after four months of relative com- 
fort. Left cervical s 3 ’inpathectom 3 ’ was then done under local anesthesia. Tlie ho.v 
died three da 3 ’s later of ni 3 'oeardial failure, Hecrops 3 ' was not permitted. 


Case 3. — A girl of eighteen years (a private patient of Dr. D. W. Atchley), liad 
rheumatic fever anuuall 3 ' from the ages of seven to fourteen, and again at seventeen- 
She was admitted to the hospital complaining of slight arthritis, d 3 'spnca, and 
parox 3 'sms of severe heart pain, with radiation to the left arm. Dyspnea had been 
present for one 3 ’ear, the pain for one month. The heart was greatly enInTgctl. 
There were signs of mitral stenosis and iiisuf}7cienc3' but no aortic valve lesion 
was made out. During a period of seventeen montlis twent 3 '-livc irradiations to 
the heart were given. The form of the electrocardiogram changed frequently during 
the first sixteen months, then became constant and has remained so for eight montlis. 
Tlie attacks of t^i'ecordial pain have entirely disappeared, the functional capacit.v 
of the heart has improved, and the patient is working in a secretarial position. In 
this ease, complete relief from jiain was afforded and a smouldering carditis wos 
apparenth' converted into an inactive nu'ocardial fibrosis. 


Case 4. — A colored girl of eleven 3 -ears had her first attack of chorea and 
arthritis two 3 -ears before entering the hospital. Tonsillcctom)' was pertoimcd 
shortl 3 ' after admission. Fever was continuous, though not high; tlie heart ua-s 
large, with double mitral lesion. Numerous subcutaneous nodules wore present. 
Five irradiations were given during a period of three months. There was slight 
flattening of tlie T-waves in Leads II and III, and transitory right preponderance 
appeared after the third treatment. Although constantly iu bed, heart failure ant 
sig-ns of a tricuspid lesion developed. Kew crops of nodules apjiearcd from time 
to time and leucocytosis was persistent. She died ten months after the firs 
i-oentgenotiierap 3 ', with all the evidences of progressive, active rheumatism and ui i 
myocardial failure. Necropsy was not performed. In this case, a severe rhenma ic 
infection was entirely uninfluenced by roentgen irradiation of tlic heart. 


Ill view of the.se experiences, what conclusions may be drawn a-s I® 
the type of patient most suitable for roentgenotlierapy ? Early cases 
in the first attack, with beginning cardiac involvement obviously o ci 
the best material. More advanced eases, with paroxysmal heart pain, 
have been afforded relief in five of seven cases. In a number of ef-ses 
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of loY'-grade infection Avitli predominantly cardiac invoh'cment, it ap- 
peared that tlie infection subsided. Patients witli advanced mechani- 
cal defects and outspoken cardiac failure, as ivell as those with signs 
of overwhelming rhenmatic infection, have proved unsuitable siib.iects. 

Effect of Rocnt{/cii-ra!i Therapy on Heart Size . — No changes were ob- 
served in the teleroentgenograms which could be related to irradia- 
tion. Particular mention is made of this point because Beeck and 
Hirseh- described diminntiou in the width of the aorta in one of their 
cases, after irradiation. 

T.mu.k 1 1 1 

UXI'LK.S.S.\NT ErFKCT.S IX SO I’ATIKXTS Kl.'Cia VIXO 1 KK.U)I.\TIOX 
OVKIl TIIK CAKDIAC AHKA 


Nausea and vomiting 

8 

cases 

Increased chest pain 

.8 

cases 

Ilea da die 

O 

cases 

Exacerbation of fever 

1. 

case 


VnpJcasant Effects . — In no instance was there evidence that the heart 
was injured or the course of the disease unfavorably influenced. Four- 
teen patients had mildly uipdeasant effects which are shown in Table 
III. Nausea, vomiting, and headache are familiar radiation reactions. 
Increased chest pain and fever may, ])erhaps, be attributed to a dis- 
turbance induced in specific rhenmatic lesions. 

effect of irradiation of the heart in SiniACUTE n.ACTERlAL 

ENDOCARDITIS 

A limited number of irradiations were given to four patients with 
nonhemolytic streptococcus endocarditis. Three of the patients re- 
ceived three treatments, the fourth patient only two. There was no 
demonstrable effect either on the electrocardiograms or on the fatal 
progress of the disease. All of the iiatients died within three months. 
One patient, who received two irradiations, came to necropsy. No 
changes Avere found in the heart which could be ascribed to irradiation. 

POSSIBLE MODE OF ACTION OP IRRADIATION ON THE RIIEUAIATIC HEART 

As the result of therapeutic experience Avith Amrious forms of local 
nifeetioii, as stated in an earlier paragraph, it appears that roentgen 
irradiation modifies the tissue response to the infection in a manner 
favorable to recovery. In this connection the experiments of Bass'- 
aie suggesthm. He injected rabbits intraA'enously Avith a culture of 
virulent streptococci. Animals irradiated OAmr the abdomen Avith 50 
per cent of the skin erjffhema dose of x-rays IHed from fiAm to ten 
days, Aihereas nonirradiated animals died in from one to three days. 

le action of the rays, in Bass' opinion, is general as Avell as local, and 
IS piobably brought about through actuation of the reticulo-endothe- 
mm by cellular decomposition products. 
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Eenewecl interest in tlie role of allergj’- in rlieumatic fever has been 
stinmlated tlie recent work of Swift and bis collaborators!® Tiicv 
bare formulated tlie hypothesis that in this disease the tissues of the 
body have become allergic to the products of certain noubemol.vtic 
streptococci, the allergizing substance being produced in a focus such 
as the tonsils. Sensitization is not necessarily specific for any particu- 
lar variety of streptococcus. 

It has been shown that radiant energy (ultraviolet light) modifies 
the reaction of the skin to certain bacterial iiroducts when these are 
injected into it. Thus, the intraderinal tuberculin test in guinea pigs 
and patients gives a lessened reaction when the injected area is treated 
locally with short exposures of ultraviolet rays, either before or after 
injeetion.^^ Such a phenomenon may be interpreted as indicating a 
process of desensitization. Is it not conceivable that in rheumatic 
fever roentgen irradiation serves to desensitize the tissues of the heart 
to an allergizing substance, therebj’- favoring the subsidence of exist- 
ing lesions and, for a time at least, iireventing further cardiac damage? 
The action of the rays may be local, or general, or perhaps both." 

CONCLUSION 

Cardiac involvement constitutes the chief menace in rheumatic fever. 
As yet, neither the causative agent of the disease nor a specific remedy 
for it are at hand. In certain eases of rheumatic carditis, roentgen 
irradiation of the heart appears to exert a favorable influence. It is 
possible that in patients having their first attack of rheumatism, with 
or without evidence of cardiac involvement, irradiation may be useful 
in minimizing the danger of damage to the heart. 


SUMMARY 


1. Thirty yiatients with rlieumatic heart disease Avere given 24h 
roentgen irradiations OA'^er the cardiac area. The machine setting aaus 
calculated to yield about 10 per cent of the erythema dose clisbubutcd 
throughout the heart muscle. In addition to noting changes in clun- 
eal condition, frequent electrocardiograms and numerous teleroent- 


genograms Avere made. 

2. FolloAAdug irradiation, changes in the form of the electrocardio- 

gram were observed in 17 of the 30 cases. It is believed that these 
changes Avere due to the effect of irradiation on the myoeardiuni, a\i i 
modification of the rheumatic lesions. _ 

3. Of the 30 eases, 21 (70 per cent) shOAved clinical improvement 
the end of the folloAV-up period. Three improved temporarily, 1 


*Since this article was prepared for publication. Zinsser and 1'” fpni 

iQ9q vHi 301) have adduced evidence which lends .support to the \iov tl 
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nimnin-OYod. and 5 died. Those eases tevmiDatinp; rutaliy were all 
instances ol' continuously active rheumatism, with advanced lesions 


and progressive cardiac lailui’c, 

4. In 5 of 7 patients with paroxysms of .severe liearl pain, relief 
from this symptom followed roentgenotherapy. 

5. Early cases, in the first attack of rheumatic fever, offer the best 
chance for sncee.ss in thera])y. In a jinmber of eases with low-grade 
infection, predominantly cardiac, it, ai>]ieared that tin' inteipion sub- 
sided following roenlgiMiotherapy. It seems likely that at, least one 
series of four treatments is necessary to initiate imjirovcment . !Morc 
prolonged therapy is probably desirable. 

(i. No changes wore observed in the teb'rocutgenograms which could 
he ascribed to the effects of irradiation. 


7. Unpleasant symptoms were noted in U! casi'S. These were due, 
for the most part, to radiation reactions. In no instance was there 
evidence of injury to the heart or an unfavorable effect, on the course 
of the disease. 


8. In 4 cases of subacute bacterial endocarditis due to nonhemolytic 
.streptococcus, roentgen irradiation of the heart caused no change in 
the form of the electrocardiogram, nor did it arrest the fatal progress 
of the disease. 

0. It is suggested that in rheumatic fever, roentgen irradiation of 
the heart may serve to desensitize the tissues of the heart to an al- 
lergizing substance, thereby favoring the subsidence of existing lesions 
and preventing further cardiac damage. 

10. In patients having their first attack of rheumatism, irradiation 
may be useful in minimizing the danger of damage to the heart. 
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OBSERVATlOxNS ON CERTAIN ETIOLOGICAL FACTORS IN 

RHEUMATIS:\I- 


Lucy Pouter Sutton, M.D. 
New York, N. Y. 


T he importance of acute rlieumatic fever and its accompanying 
condition, rheumatic heart disease, is being increasingly recognized 
as a public health problem. Efforts are eo)istantly in progress to form 
a true picture of the disease from the standpoints of epidemiology, 
infectivity, communicability, ai’id bacteriology. This study is offered, 
not for any definite conclusions which can be drawn, but to present 
cez'tain facts which may be added to other facts, and in the final anal- 
ysis give us accurate knowledge of rheumatism and its natural history. 

The term “rheumatism” used in this paper refers to choi’ea and 
acute rheumatic fever. The material was draAvn from the Children's 
Medical Service of Bellevue Hospital in New York City, both ward 
cases and cases from the Huddleston Memorial Cardiac Class. The 
eases from the wards include all admissions for rheumatism in the 
years 1923 to 1927, and were not selected in any sense. The records 
of about 2000 cases which had gone through the cardiac class were 
reviewed, and accurate data found on about 500 of these. The patients 
were children up to the age of thirteen years. The ijoints considered 
were: (1) race, (2) sex, (3) age at onset of rheumatism, and (4) sea- 
sonal incidence. 


Table T 


RACE 

PER CENT IN CARDIAC 

CLASS 

PER CENT IN GENERAL 

PEDIATRIC CLINIC 

Italian 

23.5 

19.56 

Jewish 

21.94 

27.4 

American 

19.00 

14.48 

Irish 

15.8 

4.3 

German 

5.33 

4.] 

Polish 

3.95 

3.7 

Ilnngarian 

2.76 

1.17 

Austrian 

1.58 

4.7 

English 

1.38 

0 

vSpanish 

1.18 

5.09 

Greek 

0.98 

3.3 

Czecho-Slav 

0.98 

1.6 

Colored 

0.59 

1.6 

Finn 

0.19 

0 

Ukranian 

0.19 

0 

Armenian 

0 

5.47 

Boumanian 

0 

2.34 


'tvtoF® Physicians and Snrgeons, Columbia University, and the Chil- 

iuodieal Service, Bellevue Hospital and the Huddlo.ston Memorial Cardiac Clas.s. 


14.5 
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RACE 

It is well known that rlieiimatism and rlieumatie heart disease arc 
common in certain countries; namety, Great Britain, North Amenea. 
and Germany, while certain races, such as the Chinese, Japanese aiif] 
natives of India are seldom affected. This sng-gests the possibility 
that climate may be a factor in the incidence of these conditions, but 
this is difficult to determine conclusively. Kaeial susceptibility must 
be considered as a possible factor, but here also it is difficult to dr.nv 
fixed conclusions in the absence of a very large number of eases. If 
we can show that a certain racial stock in this country has a liigb 
incidence, while in its own country it lias a low incidence, it is rea- 
sonable to believe that climate is more of a factor than race. 

Table I shows an analysis by race of 506 eliildreu in the cardiac 
clinic at Bellevue compared with the race of 511 children in the gen- 
eral laediatrie clinic. This demonstrates that although the Italians 
foi’m only 19.56 per cent of the liopulation of the general clinic, they 
comprise 23.5 per cent of the cardiac class. Sijiiilarly, 27.4 per cent 
of the children in the general clinic are JeAvish, Avhilo only 21.94 per 
cent of the cardiacs are of this imce. This suggests that the Italians 
in NeAv York City are somewhat more susceptible to rheumatic heart 
disease than are the Jews of this city. A more striking comparison 
is shown in the figures for the Iri.sh. Of the cardiac patients, 15.8 per 
cent are Irish, although only 4.13 per cent of the patients in the gen- 
eral clinic are of this race. The Irish in Ireland do not have a high 
rate for heart disease. Again, Avhile there Avere no English among 
the sample from the general clinic, 1.38 per cent of the cardiac pa- 
tients Avere English. NatiAm born Americans form 14 per cent of the 
general clinic and 19 per cent of the cardiac clinic. The type^ of 
population of the neighborhood in which a clinic is located may ahect 
the races AAdiich attend the clinic, but Bellevue, Avhich is a immieipal 
hospital, draAA^s its patients from all loarts of the city as aa'cII as ncarb} 
suburbs, so that this factor does not operate as it Avould in a strictl.' 
neighborhood clinic. 

These findings suggest that in Ncaa^' York City certain race.s aw 
more susceptible to rheumatism and rheumatic heart disease lhan cei- 
tain other races, and that climate may be a factor. 


SEX 

Females are slightly more frequently affected aaIIIi rheumatic head 
disease and rheumatism than males. Of the 506 cardiac children lom 
the out-patient department, 214 iimre boys and 292 Avere girls, i 
combined percentages for Bellevue and one other .sniallei ehmc 
boys 44 per cent, girls 56 per cent. 
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AGE AT ONSET 

The figures for this part of the study apply only to cases ivhere a 
definite date could be obtained for the first attack of chorea or acute 
rheumatic fever. No attempt was made to include cases Avhere the 
first rheumatic manifestation Avas an endocarditis. 

Fig. 1 shoAVS the curve for 623 cases of both sexes. The peak of 
this curve occurs at nine years. When the sexes are seiiarated, a 
rather interesting fact is disclosed; namely, that the peak for the 
hoys comes tAVO years earlier (i.e.. at seA’en y(>ars) than the peak for 
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Pigr. 1. — Combined ward and out-patient dep.artnient caso.'s. 


the girls (nine years). It Avas also found that among 253 girls Avith 
rheumatic heart disease 21 per cent gaA'c no history of chorea, acute 
iheuinatic fever, or groAving pains prior to the discovery of heart dis- 
ease, and that of 174 boys, 14 per cent gatm no such history. Since Ave 
hnoAv that a greater number of girls than boys deA'elops rheumatic 
heart disease, this suggests that girls liaAm au inherently greater sus- 
ceptibility, so that an infection Avhich is not sufficiently oAmrAvhelming 
to produce an attack of acute rheumatic feAmr may giA’e an endocar- 
ditis Avithout marked symptoms. To state it in another Avay, rheuma- 
tism more frequently manifests itself in girls primarily as an endo- 
carditis than it does in boys. 


148 


THE A:\lElirCAN llEAKT J0U15XAL 


SEASONAL INCIDENCE 

As ]iacl been expected, a definite seasonal incidence ior rlieiimntisiii 
^Yas found. The greatest number of attacks begins in April, (lie next 
greatest in Mav. Tliis does not coincide ivitb the findings in Great 
Britain.^ Fig. 2 gives the curve for 584 eases of cliorea and acute 
rbeninatic fever according to tlie month in ivhich tlie attacks began. 
The data were taken from the hospital cases from 1923 to 1927 (389 
cases) pins the ont- 2 iatient deiiartment cases, which were not selected 
by years. Since the curves made for tliese two samples separately 
were seen to be similar, the figures were combined to make a single 
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Fig. 2. — Combined word and out-patient depjti'ttneiU cases. 


curve. In this same figure the enrve.s for chorea and acute rlieuniatic 
fever are separated. There is a lag of acute rheumatic fever com- 
pared with the curve for chorea, i.e., the peak of the curve for chorea 
occurs in April, and the peak for acute rheumatic fever in Hay. 

In Fig. 3 are compared the findings from 459 eases taken Irom 
hospitals in London and one in Glasgow,^ and the 584 cases Irom 
Bellevue Hospital. The British figures show that 12 per cent of Ikon- 
eases occurred in November and 11 per cent in January, while Ju'''’ 
and July had the lowest percentage, namely, 5 per cent. In contras^ 
to this the New York figures show that 13 per cent of the 
curred in April, and 12 ]>er cent in blay. with October as the 

mouth with 5 per cent. 
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:\IKTE01i0I.00ICAL rONOITTONS 

It was thoufi'lit that tho difri'nMU'O in seasonal incidenco of rhoiuna- 
tism found in London and C!las”:ow. and in Xc'W Yoi-k, ini'-’lit ho ex- 
plained by niet('orolojrieal conditions. J^'or tliis reason data on the 
temperature and i)r(‘ciiiitation in Xew \ ork City were obtained Iroin 
the \\’’eather Lnreaii. with the expectation of lindiiifi’ hip,h precipita- 
tion in the inontlis of the year when tin* cases were most nunierons. 

Tlie general imi)r(‘ssion seems to be that most cases of rheumatism 
oeenr dnrinfr damii cold Aveather, and tliis Indief appears to b(‘ largely 



based on the work of Young--" in England, lie studied tlie annual 
rainfall and temperatnre in 55 counties in England and Wales in rela- 
tion to the standardized death rate Irom rheumatic fever among indi- 
viduals fifteen years of age and up. lie states that “there is a distinct 
tendency foi exce.ss in rainfall to be associated with an increased 
death-rate from, and presnmablj^ an. increased prevalence of, rheu- 
matic fever. . . . the death-rate is higher and presumably the 

malady is more prevalent with an excess of cold weather during the 
year.” Varying opinions had been stated before YVning’s stud.y was 
made Newsholme (quoted by Y^oung) had come to the conclusion 
la leavy annual rainfall is associated with a low amount of rheu- 
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matie fever and small rainfall Avitli an excessive amount, though he 
found no exact proportion. He also found that, on the Avliole," high 
temperatiu’e favored an increased amount of rheumatism. Gabbott 
(quoted by Young) concluded that it Avas difficult to make any con- 
nection betAA^een the state of the AAmatlier and the prcAmlenee of disease 
in indiAudual years but that the cases Avere numerous at the time of 
year AAdieu there Avas lieaA'y rainfall and Ioav temperature, i.e., at the 
end of autumn. GreeiiAvood and Tliompson (quoted by Young) con- 
cluded that rheumatism is associated Avith dry Aveatlier. 
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Pig-. 4 . — Comparison of mean annual temper.aturo and precipitation 1923 to 192' 
and number of cases admitted to wards dui'ing" tiiese jeais. 


The figures used in this study are for precipitation, aa'IucIi mchulcs 


both rain- and snoAv-fall. 

Fig. 4 compares the mean annual temperature and the mean aimua 
precipitation for the years 1923 to 1927, AAdth the number of Avard cases 
on the children’s serAuce at BelleAuie Hospital for these yeais. 'C 
year Avhich held the greatest number of cases had the loAvest in-ecipi- 
tation; the year Avith the feAvest cases had the highest precipitation. 
There is little Amriation in the mean temperature, but the jeai I'l 
the highest mean temperature brought next to tlie loAvest numbei o 


giTCS tlfemonthly curve for the cluldron adi.htfccl to Belief 
during the years 1923 to 1927, eompared to tl.e monthly mean preci] 
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lation and temperature averaged for tliese years. Before combining 
tlie five years and getting the average, curves were made for each 
individual year, with results not essentially different irom the aver- 
aged results. These curves appear to show that the greatest number 
of cases oceur in tlie months when the precipitation is lowest and the 
temperature rising. This is exactly the opposite of what had been 
anticipated. 

No conclusion can properly be drawn from this or any similar study 
as to the elfeet of meteorological conditions on the incidence of rheu- 
matism. When accurate morbidity stati.sties are obtainable, it is pos- 



Piff. 5.— Monthly mean temperature and precipitation averaEred for years 1923 to 192T, 
and number of cases admitted to wards during- the months of these years. 


sible that some correlation will appear, but for the present it can only 
he said that there appears to be little if any relation between the 
seasonal incidence of rheumatism, and precipitation, and temperature. 


SUMMARY 

Analysis by race of 506 children in the cardiac clinic at Bellevue 
Hospital and 511 children in the general pediatric clinic indicates 
that certain races in New York City, namely, Italian, Irish and native- 
01 n Americans, are somewhat more susceptible to rheumatism than 
certain other races. Certain other races, namely, Spanish, Armenian, 
<md Jews, seem to be less susceptible. 
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Females are sliglitty more frequently affected ^yith rliemnatle lieart 
disease tliau males. 

Tlie age at -wliicli most cases of rheumatism begin, without cousicl- 
ering sex, is nine 3 mars. The average age at onset for boys is seven 
jmars, for girls nine years. 

Twenty-one per cent of girls with rheumatic heart disease gave no 
history of rheumatic infection before the discovery of heart disease, 
while onty 14 per cent of the bo 3 ’’s gave no such historj^ 

There is a definite seasonal incidence of rheumatism in New York 
City, which shows little variation in individual j^ears. In general, the 
spring months show the highest incidence. For the five-year period 
studied, April and Maj^ contained the greatest number of cases. No 
correlation could be made betAveen meteorological conditions and 
monthty incidence of rheumatism. In general, the height of the rlieu- 
matic season occurred at the time of jmar Avhen the precipitation was 
lowest and the temperature rising, a finding contrary to that to be 
expected if Young’s conclusions have general applicability. 
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THE CLINICAL SIGNIFICANCE OF ABERRANT VENTRICULAR 
RESPONSE TO AURICULAR PREMATURE BEATS AND 
TO PAROXYSMAL AURICULAR TACHYCARDIA'^ 

Robert S. Palmer, M.D., and Paul D. White, M.D. 

Boston, Mass. 


INTRODUCTION 


O NE of the most serious electrocardiographic findings in the study 
of heart disease is that of intraventricular block, either slight in 
degree or full bundle-branch block, a finding which represents im- 
portant damage in the coronary circulation or in the myocardium. 
The fact that in experimental studies, aberrant ventricular responses 
(that is, intraventricular block) to auricular premature beats are ob- 
tained more readily when slight conduction changes are present due 
to asphyxia,^’ ■* and our own observation of this phenomenon in some 
patients with serious heart disease, suggested the possbility that 
aberrant ventricular responses to auricular premature beats may 
represent serious trouble Avith the conducting system or with the 
muscle of the heart. To throw further light on this point, the elec- 
trocardiograms of three hundred and eight 5 ’’-seven consecutive eases 
showing auricular premature beats Avere earefullly revieAved. The 
patients concerned Avere in the Avards or out-patient department of 
the Massachusetts General Hospital or Avere referred as priAmte pa- 
tients for special study. The electrocardiograms Avere taken over a 
period of thirteen and one-half years (1914 to 1928). One hundred 
and seven of these three hundred and eighty-seven cases shoAved aber- 
rant ventricular responses of Amrying degrees. The electrocardio- 
grams and the cases from AAdiich these records Avere obtained have 
been analyzed and the cases followed so far as possible. 


In a clinical study of the ventricular response to auricular pre- 
mature beats in a feAV cases from this laboratory some years ago 
White and Stevens- concluded that the degree of aberration in the 
ventricular response depends largely upon the degree of prematurity. 
LeAvis^ in 1909-10 first observed aberrant ventricular responses to 
auricular premature beats, Aidthout attempting to give an explana- 
tion. This same author"* again in 1911-12 reported additional cases 
and first suggested the name “aberrant ventricular response,” pro- 
posing the explanation that the appearance Avas caused by block in 
the ven tricular portion of the conducting system. His first case by 

Laboratory and Cardiac Clinic of the Massachusetts 
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tins time had been observed for two years. The degree of prema- 
turity was considered important in relation to tlie decree of aberra- 
tion. This is commented upon by EosenthaP who reported a ease 
at the same time. In 1924 in a paper on incomplete biindlc-braneli 
block, Stenstrom'^ reviewed the literature on aberrant ventricular 
response to auricular premature beats and concluded from experi- 
mental studies and clinical observations that this phenomenon may 
be aptly compared to the different stages in partial A-V block. He 
did not study the clinical significance of this finding. Lewis' lias 
fully summarized experimental and clinical observations on thi.s point 
up to 1925. The recent literature on premature beats has been eliiefly 
concerned with the theories about their origin or with treatment. 
B. C. White® has studied one hundred eases of all varieties of pre- 
mature beats, 45 per cent being associated with definite heart disease, 
and 55 per cent Avith no heart disease. D’Trsay® reA'ieAved one Inin- 
dred eases seen in hospital pimctiee and made especial distinction 
betAA’een unifocal and multifocal origin of extrasystoles, presumini: 
the former to be neurogenic and the latter due to an organic myo- 
cardial degeneration. The ‘^multifocal” extrasystoles in that autliorV 
series shoAved a higher mortality and Avere associated Avith “some myo- 
cardial lesion, detected either by electrocardiograph or by autopsy.” 
Wenkebaeli,^® in his textbook, states that aberration of the ventricu- 
lar complex folloAving auricular premature beats is due to a variable 
recoA^ery period and is AA’ithout especial significance. 


RESULTS OF PRESENT STUDY 

Selecting from the totel series of our three hundred and eighty-sevcu 
cases shoAving auricular premature heats those one hundred and scacu 
cases Avith aberrant Amntricular responses, Ave liaA’e diA'ided them into 
four classes according to the degree of abeiTation shoAA'ii. Scveial 
electrocardiograms shoAving auricular premature beats Avere somo- 
tiiiies obtained from a single ease. Such a case has been groupid 
according to the greatest degree of abnormality of ventricular u'- 
sponse shoAAui to auricular premature beats. Altogether there weu' 
four hundred and forty electrocardiograms taken of the one luindred 
and seven cases shoAving abnormal ventricular responses to auricular 
premature beats. In Class I tAVO cases showed normal as well a.*- 
slightly aberrant T-Avaves folloAving auricular premature beat.s, avIh r 
Classes II, III and IV included twelve, sixteen and three cases re- 
spectWely which shoAA'ed at the same time lesser degiees of abt 
response* than that for Avhich they were placed in the given class. 
Class I (Pig. 1) includes only those cases (16) Avith but a 
in the T-wave folloAving an auricAiIar premature beat, Class 11 (U?- 
tLsreases (55) shoAving slight changes either in the QES co^e- 
alone or in both QES and T. Slight changes in the T-wave eon. • 
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depression of the Avave as compared to other T-Avavcs folloAving normal 
aAuicnlar AvaA-’es in the same tracing. Slight QRS changes consist ol^ 
heightening or sliortening of R, or of deepening or shortening of S 
as compared Avith those QRS complexes Avhich follow normally placed 
P-Avaves. Class 111 (Fig. :i) CM) eases) consists of moderate (more than 
slight) changes in QRS and T-avoa’cs lollowing anricnlar jiiamiatnu! 
beats. Finally, Cla.ss IV (Fig. 4) is made np of six ca.ses exliihiting 
A'eiy marked changes in amplitude Avith Avidening of the QRS interval 
and usually AA’ith profound changes in the T-AvaA'e. Forty eases have 



Fie. 1. — The third and .sixth ventricular coniidoxo.s illiKstrate tiio lyi’o of vonti-icular rc.sponse 
to auricuiar premature beat.s included in Cla.s.s I (referred to in tlio text) : .sHrIiI chantro.s in T- 
wave and S-T interval only. Hoad II. (In tlii.s a.s in the otlier illustrations time intervals equal 
fifths of a second. Ampiitude is expre.ssed by divisions marking off intorviils of 10-' volt.) 



Fig-. 2.— The fourth ventriculai- conudcx represents those premature beat.s used 
® the sixth complex represents Cla.ss II, .slight changes in both QRS 

and T- waves. Lead II. 


V been studied as “normal controls” (Fig. 2) — that is, normal so far as 
j. the ventricular response to aui-ieular premature heats is concerned. 

4’ ^8'e and sex distribution for this series is given in Table 1. 

[r Both in the series of cases Avith varying degrees of aberrant responses 

ir- and in the control group shoAving normal responses, the occurrence 

i,. is greater among males (56 to 36 in the former, 27 to 11 in the latter). 
I The age di.stribution for all four classes as avcR as for the normal 

; controls is approximately the same, in all cases the incidence of the 

jf. auricular premature beats being greatest betAveen the ages of fifty 
ft and seventy years. 
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The relation of degree of prematurity to degree of aberration is 
demonstrated very clearly in Table IL The figures give the average 
of the percentage relation of time intervals of P-P' to P-P; tliose 

p’emature beats represented by the smaller figures have fallen earlier 
in diastole. 

It is interesting to note here the occurrence of intraventricular 
block dui’ing the course of jyaroxysms of auricular fachycardhi. 

Transient disturbances of this nature of less imiiortanee have been 
noted ; as for example in the case of a nurse who developed for a few 



Fig:. 3. — The fourth ventricular complex falls in Class HI, moderate QRS and T- 
wave changes. The second ventricular complex shows essentially normal QRS and 
T-waves. Lead II. 



Fig-. 4. — The second ventricular complex shows marked aberration, Class IV. 


Lead II. 


minutes left bundle-branch block at the height of a parox.v.sin of 
auricular taeln^eardia of extreme degree (both auricular and 
trieular rates were 273), reported, by White and Stevens. Non, 
thirteen years later, this nurse is working and in good health excep 
for rare intervals of disturbed heart rhythm lasting a few hoiir.s 
a time (ectopic auricular tachycardia, generally with almclllo^eIl 
trieular block). Three other cases, four in all, of aberration m i 
ventricular complexes in the course of a paroxysm of auricular taci - 
cardia have been observed in a series of 73 cases of ‘ . 

auricular tachycardia. Oue of these patients, a man aged s.rt - 
years (diagnosis rheumatic heart disease, irritable hear , 
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gurgitation, Stokes-Adams syndrome, partial A-V block, S-A block, 
paroxysmal tachycardia, auricular and A'cnlricular premature beats), 
has had heart trouble since rheumatic fever forty-three years ago. 
Stokes-Adams symptoms have been present, about eight years. Our 

TAui.r, I 


•Skx .\xd A(!i; Di.stimiiutiox* 


CL.tSS j 


H 

1-10 

11-20 21-30 

AGE 

.11-40 41 -.00 

ni -00 

01-70 

71-80 

SI -00 

I 

7 

.0 

1 

1 


.1 

») 

T) 

1 

1 

II 

20 

IS 

1 

0 

4 

1 .S 

s 

s 

0 


III 

10 

11 


1 

4 

2 4 

() 

3 

1 


IV 

4 

0 



1 


1 

1 



Total 

SO 

30 

1 

s 

!» 

.1 ir. 

17 

17 

8 

1 

Controls 

07 

11 

0 

r> 

3 

0 *> 

0 

0 

3 


Grand Total 

SS 

47 

1 

1.1 

12 

r. 17 

2.1 

20 

11 

1 

•Discrepancy b 

etwcon total 

number.s 

in th(! various table.s is 

due to 

cases 

omitted 


because ot incomplete ilnta oc of other dtfllculticK. 


T.vnhK II 


DKGItl'.r or PKEM.tTirUlTY 


CLASS 

1 

II 

III 

lY 

CON Tito L 

No. of cases 

13 

.13 

30 

G 

30 

Relation of P-P' to P-P 

04.4 

01.4 

oG.G 

48.2 

GO.O 

interval per cent* 






•P-P' Is Interval between normal auricular complex and the premature 

auricular 

uencction ; P-P is the normal time interval 

between beat.s. 










Table III 




RELATiox.snip or P'R 

' TO PR. IXTEKVAL.S 



CLASS 

I 

II 

HI 

IV 

CONTKOL 

No of cases 

10 

48 

27 

G 

40 

P'R' interval in P.B. 






Longer than normal PR 

1 

10 

11 

0 

4 

Shorter than norm.al PR 

7 

20 

5 

1 

12 

Equal to normal PR 

8 

IS 

11 

.1 

24 



Table IV 

IIeart Rate 





CLASS I 

II 

III 

IV 

CONTIIOL 

No. of cases 

IG 

55 


G 

40 

Average rate 

94.0 

88.3 


82.0 

90 


records show auricular paroxysms with intraventricular block dur- 
ing the paroxysm in October, 1925. In April, 1928, the patient’s gall 
bladder was removed and he appears to be doing fairly well in respect 
to his heart, although he has devclojied permanent block and auricu- 
lar fibrillation. A third case, a man aged thirty-one years (diagnosis 
auricular and ventricular premature beats, iiaroxysmal tachjmardia), 
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owed slight aben-atioH m the course of paroxysms of taeliveardia 
m October, 1914, more definite aberration under the same conditions 
in 1924. In March, 1928, he was perfectly well except for occasional 
extrasystoles. The fourth patient, a man twenty-seven years old. first 
showed paroxysmal auricular tachycardia with aberi-an't responses in 
January,^1919. He was well and Avorking as a meat cutter in Novem- 
ber, 1927, haAdng since, hoAvever, shown a paroxysm of ventrienlar 


origin 


In Table III ive liaA'e tabulated the different classes according to 
the relation of P'R' to PR, ivhether longer, shorter, or equal.'' If 


Table V 


Q-T iNTERA^m OP PKEjrATurvE Beat Compared to That of Normal Beats ix the 

Same tracing 



CLASS I 

11 

III 

IV 

COXTIfOI. 

No of cases 

23 

51 

27 

G 


QT tShortenmg 

9 

2C 

14 

O 


QT LeiigtJieniiig 

1 

7 

G 

o 


QT Unchanged 

5 

18 

7 

o 



Table V^I 





Folloav-Up 

Data 




CLASS 

X umber followed 

LIVING 


DEAD 


I 

12 

S 


4 


II 

21 

.0 


12 


III 

6 

3 


3 


IV 

3 

o 


1 


Control 

21 

11 


10 



apjiears, as might be expected, that the later in dia.stole the preinatni'c 
beat falls the less likely is the P-R interval of the premature beat to 
be prolonged. The fact that a comsiderable number of the P-R intei- 
A'als in the case of the iiremature beats are shorter tlian tin* l-h 
intexwals of the normal beats probably represents a position of tlie 
new ectopic auricular jiacemaker nearer the A-V node than is tin 
normal sino-auricular pacemaker. 

The average rate of the heart in each cla.ss (Table IV) does not 
appear to be especially important in this connection. The significance 
of in'cmature beats occurring AA'ith rapid heart rates nill he tlie .sn 
ject of a later communication from this laboratory. ^ 

In Table V Ave have given the data on changes of tlie Q-T nitenn 
(i.e., from the beginning of Q to the end of T) in premature hen ^ 
This interval represents the duration of ventricular .systole. . >0’ 
ino- of the Q-T interval occurs more often Avith the aberrant respons . • 
Shortening of systole is the common finding Avith increased hca 
^tes nonmally and would be expected to be of frequent oecunT ; 
in the case of auricular premature beats, as we have found h lo h- 
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Associated changes in tlic electrocavdiograin, oilier than changes 
in the premature heat, were of no especial significance except that 
the series of records with aberrant auricular premature beats showed 
more T-wave abnormalities and a higher incidence of axis deviations 
than did the control series. 

The number and A'ariety of primary diagnoses represented in the 
series make it difficult to draw any conclusions, but we have found 
no significant difference in the gravity of the ])atient’s condition as 
indicated by the diagnosis in the cases making up the diiferent 
classes and control series. For instance, among the miscellancons 
cases without heart disease ai-e included lobar pneumonia, lujnis vul- 
garis, acne A'ulgaris, tenia saginata, gall bladder disease, xeroderma, 
psychoneurosis, and duodenal ulcer. A definite diagnosis of heart 
disease was made 8 times in (’lass 1 (Ifi cases; 50 per cent); 19 
times in Class 11 (55 eases; 84 jicr cent) ; fi times in Class 111 (30 cases; 
20 per cent); once in Class IV (0 cases; 10 ]U'r cent); and 10 times 
among 40 control eases (40 per cent). 

Finally, in Table VI may be found the cases which have been fol- 
lowed, with the number living and the number dead. So far as we 
are able to judge, the end-re.sults in those cases showing aberrant 
ventricular resjionses to auricular jiremature beats are not other than 
may be expected from associated findings or dilfei’ent from any grou]) 
of cases showing auricular premature beats with normal responses. 


SUWWAUY AXn rONCEVSlONri 


1. A study has been made at the Massachusetts Ctencral Hospital 
of three hundred and eighty-seven consecutive cases Avith electro- 
cardiograms shoAving auricular premature beats. Of this number the 
one hundred and seven cases shoAviug aberrant ventricular responses 
to these auricular premature beats (Avith normal re.sjionse to normal 
auricular stimuli*) have been analyzed. A study has also been made 
of the electrocardiograms of seventy-three eases of auricular paroxys- 
mal tachycardia. 

2. Aberration and the degree of aberration (intraA'cntificular block) 
ni the A'entrieular resjmnse to an auricular ])reinalure beat^ have been 
tound to depend upon the degree of pi'ematurity and so far as Ave have 
been able to judge the finding of aberrant A'entricular resiAonses to 
auricular premature beats does not alter appreciably the prognosis 
in a given case. 


3. Aberration in the A’cntrieular complexes during the height of a 
paroxysm of auricular tachycardia appears not to be serious, judging 
fiom a revieAv of four such cases found among a total of seventy-three 
patient s ivith auricular paroxysmal tachycardia studied by us. 

whicli showed constant intraventricular block with in- 
aoeriation lollowing auricular preniaturo beats. 
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THE POSITIVE CENTRIFUGAL VENOUS PULSE* 

A CLINICOPATHOIiOGICAL CORRELATION 

William S. JiIiddleton, ]\I.D. 

Madison, Wis. 

I N 1925 Kerr and WarreW rc\dewcd tlic literature on the iieripheral 
venous pulsations and added valuable evidence of their clinical im- 
portance in the diagnosis of tricuspid insufficiency. The following year 
occasion was taken to report a new expedient in demonstrating the 
positive centrifugal venous pulse in the peripheral veins, namely, eleva- 
tion of the forearm to a distance above the heart equivalent to the venous 
pressure.^ This procedure simply serves the purpose of overcoming 
hydrostatic pressure to the end that such waves as are initiated in the 
great venous trunlcs on right ventricular contraction in the presence 
of incompetency of the tricuspid valve, are better transmitted periph- 
erally. Otherwise the force necessary to overcome the inertia of the 
column of returning blood may dissipate the feeble centrifugal venous 
waves. These observations strictly confirmed the studies of Kerr and 
Warren in attributing a virtual pathognomonic value to this sign in 
tricuspid insufficiency. 

Three of the cases reported in that communication came to necropsy 
and the measurements of the circumference of the tricuspid orifices 
(12, 12, and 13.5 cm. respectively) suggested an objective piroof of the 
accuracy of the above conclusion. Since that time 12 patients with 
congestive heart failure showing the positive centrifugal venous pulse 
during life have died. The data relative to the pertinent clinical and 
pathological findings are tabulated below : 

The range of measurement of the circumference of the tricuspid orifice 
was from 11.5 to 16.5 cm. with an average of 13.5 cm. Vierordt® gives 
12 cm. as the normal figure for the circumference of the tricuspid 
orifice in the female and 12.2 (Wulff) to 12.7 cm. in the male. While 
these figures are deemed too high by certain pathologists, still they may 
serve in the present relation. Clearly 2 of 3 female subjects showed 
tricuspid measurements above the standard for their sex, while 8 of 9 
males exceeded the above stated normal. In any event the majority of 
cases in this small series, showing a positive centrifugal venous pulse, 
had actual widening (relative insufficiency) of the tricuspid orifice at 
necropsy, and it is not necessary in such cases to invoke the second 
explana tion of relative insufficiency, namely, the traction- of the chordae 

From the Department of Medicine, Univensity of Wisconsin. 
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teudinciic on llic valve margin through right ventricular stretch. The 
converse is not true. Absence ol! a positive centrifugal venous pulse docs 
not rule out tricuspid insufficiency, since in a control grou]) of 12 cases 
of congestive heart failure nithout this sign coming to necropsy in the 
same period of time, 8 shoNved tricuspid mcasurcmciAs exceeding the 
standard figures for their respective sexes. This failure to demonstrate 
the positive centrifugal venous pulse in the presence of anatomical in- 
sufficiency of the tricus])id valve may be explained by local edema in the 
arms, technical difficulties in observing minor venous waves, unusual 
integrity of the valves of the veins, right ventricular contractions too 
fcelfie to propagate waves into the jmripheral veins or absence of residual 
blood in the right auricle. 

A word of explanation is necessary with regard to the last mentioned 
point. jMackenzie on repeated occasions'’ " remai’ked the nece.ssity for 
a residuum of blood in the right auricle through which the regurgitant 
blood from the rigid ventricle might act, befoi’o venous ])ul.sc waves 
could be anticipated in the peri])heral bed. “That [the ventricular 
form of venous pulse] is a sign of tricuspid regurgitation there is no 
doubt, but it is a sign of far greater significance, namely that the auricle 
does not precede the ventricle in the cardiac cycle. ““ Obviously from 
a mechanical or hemodynamic standpoint no circumstance would favor 
this situation more effectively than auricular fibrillation. Only 6 of 
the reported group of 12 cases of decompensation with a positive centrif- 
ugal venous pulse, coming to necropsy, had shown auricular fibrillation. 
Hence the phenomenon may occur in the absence of auricular fibrilla- 
tion, provided the other factors for the ])roduction and i)ropagation of 
the retrograde venous wave be present. 
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STATISTICAL STUDIES BEARING ON PROBLEMS IN THE 
CLASSIFICATION OF HEART DISEASE 

m. Heart Disease in Children*^ 

BIat G. Wilson, M.D., Claire Lingo, t M.A., Geneva CRONroRD,t A.B. 

New York:, N. Y. 


INTRODUCTION 


^^HE wider interest in heart disease as a public health problem lias 
in the past few years stimulated a renewed and intense interest in 
the etiology , pathology, and natural history of heart disease in eliil- 
dren, particularly in that of the rheumatic variety. Colin^ in a recent 
issue of this jouimal has reviewed in detail published data bearing on 
the subject. He indicates the inadequacy of the information at pres- 
ent available and suggests the collection of data in a uniform manner 
. so that necessary and more accurate information on the important 
phases of the problem may be obtained. 

In this investigation an attempt was made to collate some basic 
data eoneeruiug the natural history of heart disease in children. The 
study is based on the statistical analysis of the case histories! of five 
hundred children observed in a clinic under the same medical super- 
vision during a period of ten j'-ears. It presents data of interest on 
some of the problems of heart disease during the period ranging from 
childhood to adolescence. Of particular importance is the information 
obtained on the natural history of rheumatic infection in its relation 
to heart disease. 

A consideration of data collected from clinical history records must 
alwav’-s take into account obvious factors of error. In this investiga- 
tion every effort was made to reduce these to a minimum. The medi- 
cal supervision was uniform and the records were taken on special 
charts by trained workers. A number of children were observed from 
birth in the general clinic and about 150 were observed dail}^ in special 
classes in school for a period of years. 

Period of Observation . — The investigation covers a period of ten 
years (1916-1927). An attempt was made to obtain a final record of 
every patient living in 1927 (Table I). This was possible in all but 


‘Paper I. From the Department of Pediatrics, Cornell University iUMic.U 
the Heart Clinic of the New York Nursery and Child's Hospital and tl^ Commlttc^ 
on Research ot the Heart Committee of the New lork Tuberculosis and Health 

^^^tWorkinff on behalf of the Committee on Research of the Heart Committee. New 
York Tuberculosis and Health Association. in 

ITlie clinical cliarts recommended by the ^^w York Heart CommRtcc^dc-cr^ 

t^nscriLd^tlfesfiori^^ clmr"ts haf m'ade this statistical anal, -.Ms 

possible. 
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17 por coil of tlic pjitionls, who won; not locatt’d. Durio}; Iho ])eno(l 
of observation lO.S inn' cent of the ])iifi(‘nls (iicd. in 72.2 per cent, a 
final record was obtained, so that in SJl per cent a c.oniphde record of 
the conr.se of the disea.se to deafli or to 1927 was secured. .Sixty-one 
and six-tenths per cent of the children were nnd(‘r eonlinnons observa- 
tion for a period less than three years and 28.;? per cent over a jieriod 
raneinp from three to ten lo'ar.s. 

-If/f Jh'xin'buiiou . — The a^es ran^t'd from infancy to twenty-two 
years. On admission. 12 ]ier cent of the children were under six years 
of a^c and 50 per cent were from six to ten years of ajxe. On final 
observation. .‘?8 ]ier cent were from eleven to fourli'cn years and 25 per 
cent from fifteen to twenty-two years of aue (Fitr. 1). 


NuMRccor Age. Distribution 

Paticntj 



J^iiology and Sc.r JJi.stribulion . — On fir.st. observation twenty-five 
children were classified as liarhorin!' possible lieart disease (that is to 
say, there were negative histories, slight heart enlargement and ]ier- 
sistent systolie murmur in the .second to fourth left, interspace — Class 
Of these children, twenty retained the same physical signs over 
die period of observation (Table 11). This group is small in this series 
but it is representative of a large groii]) which was under observation 
but is not included in this report. Tlicsc children arc also representa- 
tive of cases with so-called inorganic or functional murmurs which arc 
found in the course of school examination and form about one-half 
percent of the reported cases of heart disease in school children." It 
i.s suggested that these childern may have some minor congenital mal- 
formation responsible for the persistent physical signs. 
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Table I 

Etiology and Disposition of Case 


ETIOLOGY 

% OF 
TOTAL 

CASES 



UNDER 
CONTINU- 
OUS OB- 
SERVATION 




= 

I.NACTIVE 

— 



(FINAL 

OBSERVATION) 

TOTAL 

DIED 

RETURNED 
FOR EXAM- 
INATION 

reported 

ON 

not 

LOr.iTKD 




NO. 

% 

NO. 

% 

No. 

% 

NO. 

% 

NO. 

7r 

NO, 

97 

XtllG Uiiicl Lie 
Unknown 

Class E 
Congenital and 
Elieumatie 
Congenital 
Bacterial 

79.0 

5.4 

4.2 

3.G 

7.6 

0.2 

395 

27 

21 

IS 

38 

1 

ioo 

100 

100 

100 

100 

100 

187 

6 

4 

8 

16 

47.3 
22.2 
1.9.0 

44.4 
42.1 

47 

2 

1 

3 

1 

11.9 

7.4 

4.8 

16.7 

2.6 

47 

4 

3 

1 

5 

11.9 

14.8 

14.3 

5.0 

13.2 

57 

s 

7 

o 

5 

14.4 

2.9.7 

33.3 

11.1 

13.2 

•57 

7 

0 

4 

11 

14.4 

25.,') 

2S.(! 

on 0 

Total 

100.0 1 

500 

100 

221 

44.2 

54 

10.8 

60 

12.0 

~W 

Ifi.n 

.S.A 

17.11 


Twenty-seven patients presented definite organic heart disease of 
unknown etiology (Table T). It is possible that they may have been 
rheumatic, but there was no evidence of an^’ manifestation of rheu- 
matic infection during the period of observation. It is suggested that 
heart disease in these children may be the result of some imknown or 
unrecognizable infection in infancy.® 

Fifty-six, or 11.2 per cent, of the children were cases with congenital 
heart defect. Eighteen, or 3.6 per cent, of these also gave a complicat- 
ing rheumatic hi.story (Table I). Five had brothers and sisters vitli 
congenital heart defects. This incidence of 11.2 per cent may be consid- 
ered as representative of the usual imtio of cases of congenital heart 
disease to the total number of eases of heart disease in children over 
the age of two years. Infants under two years with congenital heart 
defects were not included in this report,’"' The diagnosis of the par- 
ticular congenital malformation is difficult to make and unreliable, 
since various cardiac malformations liave been found at antops.v ni 
eases that presented identical jjhysieal signs.! In 5 children the de- 
fect Avas recognized in the first year of life; in 12, between the second 
and the fifth year, and in the remaining 39 betAvecn the sixth and the 
thirteenth year. Forty-four children Avere Avell developed and in good 
general health. Pour exhibited marked eyanosis, and in 8 general 
ph.ysical development Avas delayed. There Avere 4 deaths in this group, 
one from bronchopneumonia at the age of three years, and 3 iroiii 
rheumatic heart disease at the ages of eight, sixteen, and scvenlecn 
years respectively. 

There was one patient Avith organic heart disease of knoAvn baetermi 
etiology. This patient Avas obseiwed before and after infection Avith 
diphtheria ; the attack Avas complicated by post-diphtheritic paval.v-sis- 


♦The London SchooU report Eives the Incidence of in 

per cent of tiie total cases of organic heart disease and tlic Bristol School repoi 
incidence of 11 per cent of a total of 202 cases of organic heart disc. . . 

tSchloss, O. M. and AVilson, James: Congenital Heart Disease: Clinical and D 
olo^cal Stiidies. Am. Jotir. Dis. Child, (to be piiblislied). 
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The heart remained definitely enlarged without clinical e^ddenee of 
valvular disease. The patient was observed for eight years and at no 
time during that period showed any manifestation of rheumatic in- 
fection. 

The remaining cases (395 or 79 per coni) presented a rheumatic 
history (Table 1). Of Ihose, three-quarters suffered from organic 
heart disease. Tliis is in marked contrast 1o the incidence of lieart 
involvement (29.8 ]H‘r eeni) noted in a series of 473 children observed 
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over a period of from two to six years at Bt. Thomas’ Hospital." The 
remaining were “potential” heart cases. This incidence confirms the 
general opinion that rheumatic infection is the most common etiologi- 
cal factor in heart disease in children. Recently, Wyckoff and Lingg" 
found from a statistieal study of 1000 cases of organic heart disease 

that ‘in the second decade 80 per cent of the cases were of rheumatic 
etiology. ’ ’ 

Correlation between sex and etiology shows for the total of 500 
children a predominance of females (60 per cent females and 40 per 



168 


THE AMERICAN HEART JOURNAL 


cent males). There was an almost equal sex distribution among cliil- 
dren with heart disease of unknown etiology and congenital heart 
disease, whereas there ivas a predominance of females among those 
with rheumatic heart disease — 61.2 per cent females as agaiust 38.8 


Table II. 

Relative Diagnosis on First and Last Observation 
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per cent males (Fig. 2). This is in accord with the experience of other 
observers. The reason for it is at the present time unknown. 

THE NATURAL HISTORY OF RHEUMATIC INFECTION IN ITS RELATIOX TO 

RHEUMATIC HEART DISEASE 


iSoGtal Eistory.^—A consideration of social, environmental, am cc 
nomic conditions in 329 cases of rheumatic etiolop has siigges ec 
study of certain matters which we wish to discuss in detai . 

1. Economic Stains.— The majority of the children came from mod- 
erately well-to-do homes of the industrial laboring class of t le .^• 
In 65 per cent of the cases the family budget was estimated as . 

.Report from tlie Social Service Department of-llic Nciv York Nur.scry ami Chll'J- 
Hospital. 
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quate to conditions for decent living ($1500.00 to $2600.00 per year). 
In 72 per cent the homes were clean. In 50 per cent they were neither 
overcrowded nor damp. It may be important to note that the location 
of about half of the homes was within three blocks (400 yards) of the 
Hudson river. Evidence of dampness was found in only 23 per cent 
of them. These data are in accord with those reported by the Medical 
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Reseai'ch Council in Social Conditions and Acute Rheumatism, in which 
the greatest incidence of rheumatism was found in the better class 
of industrial homes.” The report of the Housing Inquiry showed “a 
slightly more frequent dampness in the houses of rheumatic families 
and suggested proximity to waters and river courses as a possible fac- 
tor. Overcrowding or extreme poverty were not prime factors, except 
as the resistance is lowered by unfavorable conditions of living’.”" 

2. Race. — ^Thirty-two per cent were of Irish stock ; 19.5 per cent were 
American born; 12.5 per cent were Italian, and 4.1 per cent were Jew- 
ish. Only 18, or 4.6 per cent, of the children were colored, although 
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tlie cIhhc dra^^s from a colored district." The remaiiuler were dh- 
tributed among Germans, S.S per cent; Russians or Poles, 4.4 per cent, 
and others, totalling 13.5 per cent. The large proportion of Irish 
children should not be construed as necessarily indicating tliat this 
racial group is particularly susceptible to rheumatic infection, but 
rather as due to the fact that our clinic is situated in a section of tlio 
city that has a large Irish population. 


3. Physical Characteristics. — A revieir of certain phj^sieal character- 
istics showed that 22.0 2 ier cent of the children were of the brunette 
fyP6j that is to say, had dai'k e 3 ’’es and dark hair; 16.7 per cent of tlie 
blonde type, with blue ej'es and light hair; 50.0 per cent of a mixed 
type, and but 2.9 pier cent had red hair and blue ejms. The studies re- 
ported bj^ St. Thomas’ Hospital indicated that darker types tend to 
show a greater predisiiositiou to rheumatism than the fairer type.s. 
This is at variance with the conclusion of Shrubsall that, at St. Bar- 
tholomew’s Hospital, rheumatic affections show a special iiredileetion 
for the pure blonde tyqie.' This divergence in various reported serip.s 
is probabty related to the racial constitution of the gronjis studied. 
In our series the large number of children of mixed tyjie seems to ho 
accounted for bx" the large number of Irish and American children in 
our group. 


4. Heredity. — Thirty’-six per cent of the children had rlieiunatic 
brothers or sisters. In the St. Thomas’ Hospital report,® a family inci- 
dence of rheumatism xvas obtained in 36.1 per cent and in Coombs’ 
analysis,^® an incidence of 50 jier cent. St. Lawrence” found a family 
incidence of heart disease and acute ilieumatic fever in 29 per cent 
and 24 per cent respectix'ety ; Faidkner and White^® reported a family 
incidence of rheumatic affections in 8.8 23er cent. The question of pos- 
sible contagion in the families of the children in our series has been 
considered, but no direct exddence of such a factor was noted during 
the period of observation. The result of the British iuc[iury as to the 
element of contagion states our 2 ^resent view: “On the xvhole it can- 
not be said that there is in the facts collected any conclusive evidence 
of contagion though man.v of the facts are consistent with this view. 


MANIFESTATION.? OF RHEU.XIATIC INFECTIOXf 

An anatysis xvas made of the records of 413^ children who jire.sented a 
rheumatic history. In their histories the folloxving manifestations 
were regarded as evidence of the existence of rheumatic infection- 
potyarthritis, growing and joint pain-s, chorea, acute carditi.s, and •‘^u )- 

*XVootl, Jones, and Kimbrougrli® found that rheumatic iioart ‘I*?®?.®,® 
less common among- tlie colored people than the white 0®®!’’® J’l, «„bicct 
tunatel.v we could And no other direct observations recoided 

tThe term Rheumatic Infection is used altlioiigh it i.s npiircciated tli. 
of its infectious nature is at present not conclusive. bv rliciini.atii' 

tThis includes tlie IS case.s of congenital Iieart di.=i'a.‘-o compllc.itoi . 
infection. 
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eutaiieons nodiiU's. I’oiisillitis was iiol- iucludod licrc as a luanii'estatioii 
of rheumatic infection because of the difficulty in differentiating, from a 
liistory l)etween severe pharyngitis occurilng with u])per resjiiratory in- 
fections in young children, and frank tonsillitis assumed to be of a 
rheumatic nature. The occurrence of other manifestations, such as 
urticaria, purpura, and epistaxis, have likewise -not been included.* 


Type of ‘Rheumatic Infection 
■Related to Age at Onset 



Unknown 

IOYca^s anx* Ovt«t 
6 TO 9 Ycakts 
3 To 5 Vt.A«S 
UnPci^ 3 YeAi?,s 

Kipr. 

1. Age at Onset . — Before taking up the various manifestations of 
iheuniatie infection we shall consider the clinical course of the 
disease, as a whole. It was found that, regardless of the particular 
kind of manifestation, the initial manifestation of infection occurred 
331 the age group comprising the years six to nine, in about one-half 
of the eases (Pig. 3). In llackie's**'' seines the incidence curve of initial 
infection differs from this one in that it rises to a peak of 23.9 per 
^^in^i the group betAveen the ages of six and nine years, 23.1 per 

01' iKif' publication an analysis of 185 case records sliows various erythemas 
esions m 8 per cent and recurrent epistaxis in 11 per cent. 
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cent between ten and fifteen years and then slowly but progressivdv 
tans. It must be remembered, liowever, that Maekie’s figures are not 
directly comparable with onrs, in so far as our group is confined to 
children, whereas his includes adults. Histories obtained from adults 
are apt not to include the early complaints of childhood, wliieli may 
account for the later dates of onset in Mackie’s series. Ninety-eiglit 
and four-tenths per cent of our cases had their initial infection before 
they reached the age of fifteen, and almost 50 per cent of Maclde's 
cases had their first attack of rheumatic infection after the age of 
fifteen years was reached. 

Pig. 4 shows the distribution of these 413 eases according to the 
age at which the first infection appeared. It may be seen that, begiii- 


Onset of Rheumatic Infection 

NwnBER OF 
Chius R.EN 



Fiff. 4. 


f 

ning with the iirescliool ages, the curve gradually rises to the age o 
about six, remains high, up to the age of nine and declines tliereafter. 
The average age at onset was found to be seven and three-tenths years, 
in comparison ivith an average of ten and two-tenths yeais reportcc 
by Coombs,^® and seven by Poynton^^ in similarly constituted senes. 
It is important to note that our dating of the age of onset is in a 
probability accurate because about 60 per cent of the children came 
under our observation within a ymar of the onset of their rheuma le 

infection. , i 

2. Becnrrence of Manifestations of Infection. Three himuie < 
two of 413 children in this gi’onp, of 73.0 per cent of tlie cases, su eie 
from one or more recurrences of infection (Pig- 5).'- Ibis figuie nu 

t'EoS 
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be regarded, as a niiniinum. Attention lias already been called to the 
varying lengtli of time tliat these children wmre observed after the 
first attack of infection. Of the 111 children for whom no recurrence 
of infection is reported, 53.0 per cent were observed for less than 
three years after the initial episode, as against only 7.2 per cent 
observed for less than three years in the series of 302 children for 
whom relapses are reported. Obviously, before a statement can be 


Interval BETWtEN Onset of Infection and 
First ‘Recurrence Related to Age at Onset 
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made as to the final fate of the 53.0 jier cent (those observed less than 
tbiee years), observation must extend over many more years. 

3. Recurrence of Infection and Age at Onset . — ^Recurrences of mani- 
as ations of infection during the course of the disease appeared most 
lequeiitly in the group of children who had acquired their initial 
early age. Eighty-five per cent of those who were 
leted between the ages of three and five suffered recurrences, as 
the ^ "whom the initial infection occurred between 

. „ ^^id nine, and 62.8 per cent among those in whom the 

rate^ ^^gan at ten years or oAmr. IMackie reports the incidence 
lecurrenee likewise highest in the group that experienced the 
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initial attack between tlie .ages of five and ten years. In his series 
the disease recurred in 93.4 per cent. 

4. Interval Between Onset and Recurrence. — An analysis of the inter- 
val wliicli elapsed between tlie first noted manifestation of infection and 
tlie first recurrence shows that about half of the total cases relap.sed 
within a year, tivo-thirds within tu'o years, and four-fifths or 80 jrer 
cent within three years (Fig. 5). In only 15 per cent did at least four 
years elapse before the first recurrence of any manifestation of rheu- 
matic infection appeared. There is here a striking difference bebvceii 
our experience and illaekie’s, our 50 per cent as against his 23.6 per 
cent within the first year and our 15 per cent as against his 43 per 
cent after four or more years. The dift'erence in the age eonstitnlioii 
of the two series must again be taken into account. Only 1.4 per cent 
of our eases, but 4S.9 per cent of hlackie’s had reached the age of 
fifteen years or more, 1111011 the first rheumatic attack appeared, hi 
our experience, recurrences are mo.st frequent before this age is reached. 


When related to the age at omset the greatest incidence of reciuTcnce 
within one year of onset (72.2 per cent) was observed in children ivlio 
were first infected at the age of ten or more years. This observation 
is of particular importance because 84 iier cent of these children were 
between ten and twelve years of age, the age of puberty. It is pos- 
sible that this is a critical age for children with rheumatic infection. 

5. Periods Free From Infection. — ^Pig. 6* is a graphic de.scription of 
the clinical course of the disease exjierienced by each child. The dis- 
tribution of the casesf is arranged according to (1) the age at onset, 
(2) years in which there were manifestations of infection, and (3) 
the age 'reached at the time of last observation or report. 

Even casual in.speetion of this chart impresses one with the apiiareiit 
chronieity of the disease. To experience one, two, three, even fow 
years of freedom from infection is not unusual, but even after loiigd 
periods relapses are frequent. Tiventy-one children, for example, bad 
5 consecutive years of freedom from infection. Of these 8, or 38 p< • 
cent, relapsed at the end of tJiat time. Thirteen were not under oiir 
observation for a loiiger period, but our experience leads us to exiiecl 
relapses in some of these, if not in all. For instance, 37 clnldu'ii 
were free for six consecutive yeai-s, of Avhom 6 relajised; 6 vere Iht' 
for seven years of whom 4 relapsed; 2 for nine years and one xc'lap.'Ji 
at the end of that period; of 4 who were free for ten or eleven yeai.\- 


one relapised even after ten years. 


*For the form of this chart we .arc ■‘"'’'•''‘"Vnf^vhi^h 

Academy of Medicine, 192G, Second .Series, i , No. -. ,„,mifr.J^- 

tease No. 413 was not incUuled m ^f^cn'hv child's p.arenl. 

tions of infections appeared were not accumien f-i'cn . 
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Certaiu detailed considerations disclosed by a 


study of this cliart 


we desire to discuss. 

6. Age Susccpiihility.—An attempt was made to draw a irecpieiicy 
curve to determine the ages, provided they exist, at which rlieumatic 
subjects are most susceptible to infection. It was found that the 41d 
children, together, experienced 172S manifestations of infection, an 
average of four attacks per child. Because of the difficulty of defining 
a relapse or recurrence, that is to say, of deciding when one attack 
has ended and another has begun, it was thought best to present the 
data according to age at which manifestations of infection occnried, 
witliout attempting to determine Avhether, for instance, a child suf- 
fered one or more manifestations in a single year, or whether the sec- 


ond or third manifestation of infection might be but an exacerbation 
of the original attack. Pre.sentation of the data in this manner shows 
that the 413 children together experienced 1140 years in which infec- 
tion Avas pre.sent, an uA’crage of tAvo and three-ipiarters years per child. 

The curve shoAving the ages at Avhich infection was present, Avhen 
smoothed, appears nearly .symmetrical, fhough somewhat sccAved to 
the right, with a modal average at nine years (Fig. 7-yf). The second 
half of this curve may not represent the facts as they really are be- 
cause of the relatively small number of children included in this 
study who reached the upiier ages, from nine fo sixteen years. Ckin- 
secutive curves Avere therefore draAvn including data concerning chil- 
dren all of Avhom reached certain siiecific ages, as, nine years, ten 
years and so on, to eighteen. It should be noted from this series of 
curves that the modal average ranges from nine to twelve years. In 
CA^ery case the curve begins to descend at some point Avithin these age 
limits. In general, all the curA-es AA’liich succeed it conform to the total 
frecpiency curve. The very small number of children that reached 


the ages of sixteen, seventeen and eighteen years may very likely be 
responsible for the apparent Hatne.ss of these curves to the right of the 
mode. Ill spite of the insufficient number of cases included in this 
series, the curves confirm the belief that rheumatic infection, in its 
various manifestations, concerns itself primarily Avith children of the 
grade .school age; their plain meaning .seems to be that about or before 
the age of twelve, the tendeneg to infection, begins to diminish. 

It seems to us to be of very great importance to point out the proba- 
bility these curves shoAv, that age may be a factor in judging the 
influence of any therapeutic measures on the natural course of the 
infection. The results of any therapeutic measure, sueli as tonsil- 
lectomy, prolonged convalescent care, or specific serum or vaccine 
therapy instituted before or after children have reached an age of 
I’om nine to twelve years, must be judged accordingly. In a subse- 
quent communication a study of the influence of tonsillectomy Avill be 
presented in connection Avith this series of rheumatic children. 
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Certain detnilod considerations disclosed hy a study of. this cluu'l 
we desire to discuss. 

6. A(]c SnsccpiihUHy. — Au attempt was made to draw a frequency 
curve to determine the ages, provided they exist, at which rheumatic 
sub;iects ore most svmceptiblc to mfcctiou. It was found that the 413 
cliildren, together, experienced 1728 manifestations of infection, au 
average of four attacks per child. Because of the difficulty of defining 
a relapse or recurrence, that is to say, of deciding when one attack 
has ended and another has begun, it was thought best to present the 
data according to age at which manifestations of infection occurred, 
without attempting to determine wiiether, for instance, a child sui- 
fered one or more manife.stations in a single year, or whether the sec- 
ond or third manifestation of infection might be but. au exacerbation 
of the original attack. Pre.sentalion of the data in tliis manner shows 
that the 413 children together cxiu'rieueed 1110 years in which infec- 
tion was present, an average of two and three-quarters years per child. 

The curve showing the ages at which infection was ])reseut, when 
smootlicd. appears nearly syinmetrieal, though somewhat seewed to 
the right, with a modal average at nine years (Fig. 7-,4). The second 
half of this curve may not represent the facts as they really are be- 
cause of the relatively small number of children included in this 
.study who reached the upper ages, from nine to sixteen years. Con- 
secutive curves were therefore draAvn including data coucerniug chil- 
dren all of whom reached certain si)ecific ages, as, nine years, ten 
years and so on. to eighteen. It should be noted from this series of 
curves that the modal average ranges from nine to twelve years. In 
every case the curve begins to descend at some point within these age 
limits. In general, all the c\irves which .succeed it conform to the total 
frequency curve. The very small number of children that reached 
the ages of sixteen, seventeen and eighteen years may very likely be 
responsible for the ajiparent tlatness of these curves to the right of the 
mode. In spite of the insufficient number of cases included in this 
series, the curves confirm the belief that rheumatic infection, in its 
various manifestations, concerns itself primarily witli children of the 
grade school age; their plain meaning seems to be ihaf ahoui or before 
the age of twelve, the iciuleney to ivfceiion begins to (Jiinmish. 

It seems to us to be of very great importance to point out the proba- 
bility these curves show, that age may be a factor in judging the 
influence of any therapeutic measures on the natural course of the 
infection. The results of any therapeutic measure, such as tonsil- 
lectomy, prolonged convalescent care, or specific serum or vaccine 
therapy instituted before or after children liaA'c reached an age of 
from nine to twelve years, must be judged accordingly. In a subse- 
quent communication a study of the influence of tonsillectomy will be 
presented in coimection with this scries of rheumatic children. 
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7. Expccinncxj , — Figures sucli as Ihcse.. ii! they cover a large enough 
number of cases 1o satisfy the law of probability, should enable one 
to di'aw a curve which would show expectancy at, each age; that, is to 
say, would make jmssible prognostication as to whether a child is 
likely to have years free from infection immediately following a given 
age, and if so, how many such years may be expected to pass before 
a relapse takes place. We have attempted to draw such curves. 

It appears. Fig. S-.l. that there is variation in the number of years 
that may occur free from infection. Our chart is to be read as follows; 
Of the 172 children who were infected at or before the age of seven 
years, 50 per cent relapsed in the eighth year, almost 20 per cent Avere 
free from infection in the eighth year, and then relapsed; the remaining 
30 per cent Avere free in tlie eighth and ninth years, or longer, before 
relapse look place. Of those Avbo Avere infect cd at or before the age 
of fifteen, however, only 34 per cent relapsed in the, sixteenth year; 
24 per cent Avere free in the sixteenth year, and then relapsed, and 
the remaining 42 per cent Avere free the sixteenth and seventeenth 
years, or longer, before relapse took place. 

On the basis of this limited experience of 413 eases, one might say, 
then, that at the age of seven, the chances are even that a rheumatic 
child Avill undergo a recurrence the following year; of the children 
not likely to relapse the folloAving year, the chances arc tAvo to three 
that the interval of freedom from infection Avill be not greater than 
one year. At the age of fifteen, hoAvcver, the chances are only one 
to three that infection Avill recur in the folloAving year; if no recur- 
rence takes place at that time, the chances arc about one to two that 
the intei’A’al of freedom from infection Avill be only one year. 

The conclusion that can be draAvn from this chart may be para- 
phrased also in this manner; of 172 children who haA’c arrived at the 
age of seven years, and Avho have by this time become infected, only 
6, or 3.5 per cent, in our experience can hope, in the years folloAving, 
to remain free from infection for a period as long even as six years; 
onlj' one for a period as long as ten years. Beyond this our observa- 
tions do not yet reach. 

The older the age group Avhich is studied, the greater seems to be 
the chance of freedom from infection. At the age of tAventy years 
about 1 5 per cent Avere free in the tAventy -first year — that is to say, 
for the next year; and 25 per cent Avere free for three years, from 
ages tAventy-one to tAventy-four. Our records go no further. In com- 
parison Avith age seven this is a gain, for of these only 50 per cent 
could hope for one free year, and only about 10 per cent for three 
such years. 

In general, the curA'’es indicate that, at any age before the age of 
seven, the chances are 3 to 5, or greater, that a rheumatic child Avill 
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be subject to recurrent inanileslalion.s ol’ ini'celion the following year; 
at any age between the ages of scatu and elcA'cn, inclusiA'c, tlic chances 
are about even, and at any age after the age of twelve, the. chances are 
about 2 to 5. or less. Similarly, the number of consecutive yeai-s of 
freedom from infection tends to increase as the adolescent ages are 
reached. 

It was thought that the fact of the varying number of years that 
children Avere observed after dilTerenl ages might lead to erroneous 
conclusions. Data Avere tabulated therefore concerning only tliose 
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children avIio Avere observed three years or more (Fig. 8-/1) or six 
years or more (Pig. 8-/'), re.s]Aoct lA'ely, that is to say for ])eriods not 
iess than three or six years, after each age. In general, the lAicture 
remained the same. 

Within recent years, efforts haAm been made to estimate the results 
ot certain therapeutic measure.s. Among criteria suggested for mak- 
ing such judgments that of considering recurrences of manifestations 
of infection after therapeutic measures have been instituted has been 
emphasized, such therapeutic measures for instance as tonsilleetomj^ 
01 conA'aleseent care. That such jAidgments cannot confidently be 
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made without relation to the natural course of the disease, especiallv 
without regard to recurrences, seems obvious in view of the dit- 
(Figs. I and 8) that have been presented. 

It must be emphasized again that these curves are not presented 
as reliable expectanej'- curves, but merely as preliminary statements 
based on the facts which have emerged in studying this series of iVi 
rheumatic children. It is believed, however, that by concerted effort 
it may be possible later to draw reliable expectancy curves which will 
be valuable as a background against which to measure results of 
treatment. 

8. Duration of the Disease.—Ot the total ^3 children, 46 per cent 
came under observation within one year of the onset of the first mani- 
festation of infection. Three hundred and sixty-three, or 88 per cent, 
are living (Fig. 9). In 67.8 per cent of these the duration of the 
disease has been from one to five years, in 21.8 per cent from six to 
nine years, and in 10.2 per cent from ten to sixteen years. Fifty 
children, or 12 jier cent died. Eleven, or 22 per cent, died within one 
year of the onset of infection. In 46 per cent the duration of the 
disease was from six to nine years, and in 10 per cent from ten to 
fifteen years. 

9. Prognosis. — Prom the data presented, little of prognostic value 
could be leanied. This may be due to the fact that the number of deatlis 
is small, even though the mortality rate in the series is relatively high. 
When the age at death was compared with the age distribution of the 
living, it was found that no single age or age group claimed a pre- 
dominatingly high mortality. Likewdse, there appeared to he no rela- 
tion between mortality and the duration of the disease. The age at 
onset, however, and the severity of a particular attack of infectiou 
appeared to influence the duration of the disease. The figures indicate 
that children infected before the age of five and after the age of ten 
have a somewhat less favorable prognosis than those infected in the 
intermediate ages. 

10. Causes of Death. — In forty-four children, or 88 per cent of the 
deaths, the cause of death was rheumatic heart disease. Heath fol- 
lowed acute rheumatic carditis in 34 of these. One child died of In'JO 
terial endocarditis, one of lobar pneumonia, one of suppurative ap- 
pendicitis, one of miliary tuberculosis, and tivo of causes unknown. 
The most common age at death was between eleven and fourteen 
years. Forty-five per cent of the deaths occurred in this age group. 

11. Incidence of Measles and Scarlet Fever.— The possible relation bc- 
tw^een susceptibility to rheumatic and to other infections was consi 
ered. Two hundred and twenty-two, or 53.7 per cent, of the rlicunia ic 
children presented a history of measles. In 36.9 pei ^ 
occurred between the ages of three and fiie jeais 
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Halsey^® found that tlie incidence of measles in cardiac children was 
36 per cent, and in noncardiac children in certain iniblic schools in 
New York City was 58 per cent. Among a thousand newsboys recently 
examined in New York City, 34- per cent reported a history of nieaslesY’ 
Scarlet fever occurred in 42, or 10.2 per cent, of the rheumatic chil- 
dren, as compared with 12 per cent in the cardiac and 5 per cent in 
the noncardiac children in Halsey’s series. Among the ncw.sboys re- 
ferred to above, 5.6 per cent reported a history of scarlet fcvci . 
Coombs'® has referred to the significance of scarlet fever as a pre- 
cursor of rheumatic heart disease. Hector'- suggests that “the almost 
invariable result of scarlet fever upon the heart already damaged by 
rheumatism may be a rekindling of the old afLection which in some 
eases had been quiescent for a considerable period, and that a mild or 
moderate attack of scarlet fever is quite capable of bringing this 
about.” It is interesting to note, that like the various manifestations 
of rheumatism, and unlike mca.slcs and tonsillitis, scarlet fever oc- 
curred most often, in 38.3 per cent of the cases, between the ages of 

T.hilf. nr 
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six and nine years (Table 111). Fig. 10 .shows the chronological rela- 
tion of scarlet fever to manifestations of rheumatic infection. In 21, 
or 54.3 per cent, of the cases it preceded a rheumatic manifestation; 
in 6, or 15.4 per cent, it occurred in the same year with the first mani- 
festation of rheumatic infection, and in 12, or 30.7 per cent, it followed 
a rheumatic manifestation. 

The age incidence of scarlet fever as reported in 3940 cases seen 
in the Willard Parker IIo.spital in the years 1919 to 1923, inclusive, 
is highest (31.8 per cent) between the ages of six and ten, and (25.4 
per cent) between the ages of three and five.'® That is to say, the age 
incidence of scarlet fever is similar to that of rheumatic infection. 
The common association of polyartlu-itis and chorea with scarlet fever 
iRay be due to this factor. 

12. Relative Incidence of Yarious Manifestations . — An anal 3 ’’sis of 413 
ease records which form the basis of this report shows the incidence of 
manifestations of rheumatic infection to be as follows ; 

A. Polyarthritis was the most frequent major manifestation noted, 
occurring from one to six times or more in each of 272 children, 65.8 
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per cent (Pig-, li), n „.as f),e most common manifestation fomid „ 
onset oecm-nng n. 169 ehildren, or 40.9 per cent {Pig, 3). is , r” 
man.festat.on of tofec.ion it appeared most freone;,!,. hcveen ife 
a„es of SIX and nine years, in 41.4 per cent of tlie cl.iidren. I„ 3os 
per cent it oeenrred betiveen the ages of three and flvc. It occum'l 
as a first manifestation under three years of age in only 9 cHMm, 


Scarlet Fevee in -Relation to TSueyMAnc Heart J)i5ease. 



JosctirR'' 


I I L- L A .,1 1 -1 -1 ..1 — 1— 1 - I- I I - 1- i I I _ 1 I J I J t i — I 

f-if) — cS5\c ^cDT*-<Orj5r^«j-CTvaj<*ito*0(OVj-- — 

— — — >Oc^or*o^r*cooC‘Or~^'ft 

— — — <Mr> — — 


) f\/ N cJ — 


B. Growing and Joint Pains occurred in each of 278 eliildrcii, or o' 
per cent (Table IV). As the first inanifestafion of infection tlicy oc- 
curred in 26.6 per cent. In more than half the ehildren, 53.6 per cent- 
they oeenrred, like polyarthritis, as a first manifestation, between fir’ 
ages of six and nine (Fig. 3). In 64 cases, or 23 per cent, tlie> P'"' 
ceded the so-called major manifestations, chiefly polyartlirifis. In Im 
of these, major manifestations of infection followed within a year, 
in almost three-quarters witliin three year.s. In 10.9 per cent grociiir 
and joint pains were followed by acute carditis without any in( 
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veiling manifestation of polyartliritis or cliorea (Table V). In 81 cases, 
or 29 per cent, they occurred after other manifestations, and in 87 
cases, or 31.3 per cent, they occurred in the same year with, but were 
dissociated from, the major manifestation — polyarthritis, chorea, or 
carditis. In 46 children growing and joint pains were the only mani- 
festations of rheumatic infection, except one or more attacks of tonsil- 
litis in half the cases. In all but four of these 46 children there was 
some heart involvement. Only four had no evidence of heart disease 
Avhen last seen. (Table IV.) 
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Table Y 

Interval Between Earliest Symptoms op JLuscle or Joint Pains and First 
Definite :Manifestation op IHieumatio Fewcr 
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Growing and joint pains are usually recognized as minor manifesta- 
tions of rheumatic infection. We believe, however, that their sig- 
nificance has been miderestimated. It has been, previously shown^° 
'that growing and joint pains are a manifestation of activity of the 
infection as judged by curves of the leucocyte count. We believe that 
the data presented concerning the age incidence, relative frequency 
of recurrence, and associated heart involvement should place growing 
s-nd joint pains as a manifestation of equal signifi^cance with poly- 
arthritis and chorea. 

C. Tonsillitis occurred in one or more attacks in 199, or 48.2 per 
cent, of the children (Fig. 11). Two hundred and fourteen did not 
give a history of tonsillitis. As a first infection it occurred in 59, 
or 14.3 per cent, of the cases, the age distribution being from six to 



































184 


THE AMERIi-AK HEART JOURNAL 

nine years in 32.2 per cent; from three to five years in 30.5 per cent 
and under three years in 28.8 per cent (Fig. 3). 

D. 0/iorea occurred in one or more attacks in 177 children orl’fi 
per cent (Fig. H). The sex distribution, contrary to expectation, did 
no show any striking predominance, occurring in 63.0 or 39.6 per cent 
of the boys and in 114 or 44.9 per cent of the girls (Fig. 12). In US 
per cent, or 25 children, chorea was the sole manifestation, hut in oulv 
5 of these was the heart apparently normal. As a manifestation of the 
first infection it occurred in 86 children, or 20.8 per cent, tlie most 
common age being, again, between six and nine years (55.7 per cent). 
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As a first manifestation of infection, chorea occurred less frequent!} 
before tlie age of six and more frequently after the age of ten, than 
unj other rhenmatie manifestation (Fig. 3). 

E. Nodules were observed in 60 patients, or 14.5 per cent (Fig. 

In 43.3 per cent of these they appeared between the ages of six and nine 
years, and in an equal number, after the age of nine (Fig. 14). In onb 
eight eases did they appear under the age of five years. Twenty, or 33. 
per cent, of the children who pre.sented nodules died, and 40, or GG. -> 
per cent, are living. Of those who died 60 per cent expired witiuu 
one year and 80 per cent within three years after nodules wove lii.s 
observed. Of those .still living, 45 per cent are living three on 
years after nodules were first observed. Nodules occurred towarc i 
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end of periods of active infection. They were associated, as a rule, 
with other severe manifestations. They appeared in three cases in 
which no evidence of rheumatic heart involvement has so far been ob- 
served. Twelve patients presented only mitral insufficiencj^, and forty- 
three presented severe heart invoh’-ement (Fig. 14). In a comparable 
series of 172 children under the age of twelve, Poynton^'* found nodules 
in 19 per cent. Our experience leads us to believe that nodules are 
not less common in the United States than in England. 

P. Rlmmatic Heart Involvement . — One hundred eighty-four chil- 
dren, or 44.5 per cent, either gave a history of acute rheumatic carditis 
or presented an attack while under observation. One hundred and 
fourteen of these, or 62 per cent, experienced one attack; 35, or 19.0 
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per cent, two attacks; and 35, or 19.0 per cent, three or more attacks’" 
(Pig. 11). As a manifestation of first infection it was noted in 6.3 
per cent of the eases. As a fii'st manifestation it occurred most fre- 
quently between the ages of six and nine years, as did the other mani- 
festations of rheumatic infection. Ten children presented at least one 
attack of carditis, and no other rheumatic manifestation. The symptoms 
of acute rheumatic carditis were frequently so slight as almost to 
escape detection. One hundred and tiventy-eight children with rheu- 
matic h eartt disease did not give a history of any symptoms of acute 


Us acute rheumatic carditis includes acute rheumatic myocardi- 

>•‘ 0 , enuocarditis, and pericarditis. 

T accord with the common experience of discovering- def- 
relative mness disease m older children and adults without a history of previous 
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carditis (Table VII). Tliirty-five developed definite heart disease 
while under our observation and did not present symptoms of acute 
carditis — the heart enlargement and the valvular lesion developing 
insidiously. Symptoms of congestive heart failure with edema oc- 
curred in 9 children and ended fatally in 6 cases. 

Three hundred and twenty-eight, or 79.5 per cent, exhibited rlicu- 
matic heart involvement. The approximate age at onset of beart 
disease could be ascertained in 252 cases. In 76 the age given is 
doubtful.'^ The age at onset of the heart involvement, in the 252 
cases, was between six and nine years in 45.6 per cent (Table VI). 
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When related to the age at. onset of infection, it appeared that the 
interval between initial infection and heart involvement decreased as 
the age at which the child became infected increased. This ivas not 
so ill the ease of children infected before the age of three. Since 
there were only 10 children in this group, it is probable, however, tliat 
the figures are too small to be significant. 

13. Potential Heart Disease . — Of 159 children who on admission ivere 
classified as cases of “potential heart disease,”* the heart was normal 
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inconstant niurmnr. Five chiklren wlio on admission wore believed 
to present mitral lesions were placed in the "potential" group on 
final examination (Table 11). If the evidence of enlargement and an 
evanescent murmur noted in children in the "potential” group may 
be considered as evidence of some rheumatic heart involvement, then 
the incidence of heart involvement in the 4i:l children with rheumatic 
infection would be about 91 per cent in this group. Swift"^ observed 
electrocardiographic evidence of some degree of functional cardiac dis- 
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turbance in over 90 per cent of a series of 81 patients suffering from 
rheumatic fever. What the actual incidence of rheumatic heart in- 
volvement is, in any series of observations, depends naturally on the 
method of examination and the criteria used. Slight but insignificant 
changes in physical signs ma 3 r be OA'erlooked unless children are under 
constant and careful observation. 


14. Cardiac Valvular Disease , — Three hundred and twent^^-eight eliil- 
chen presented clinical evidence of valvular heart disease. Of these, a 
diagnosis of mitral insufficiency was made in 48.5 per cent, mitral 
stenosis and insufficiencj^ in 39.6 per cent, and aortic and mitral 
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disease- in 10.9 per cent. (Fig. 15.) Of 157 children ivho ivei-e be- 
lieved to present mitral insufficiencj^ on admission, 48 developed mitral 
stenosis— 14 within three j^ears, and 34 after three or more years. 
One developed aortic insufficiency, and 2 developed both mitral steno- 
sis and aortic insufficiencj’- ; in 2 the heart remained enlarged, but the 
muimui disappeared; in 2, both the enlargement and murmur disap- 
peared, and in one only a systolic mm-mur without enlargement vas 
present when last seen. On final observation 101 remained with sinus 
of mitral insufficiency (Table II). 

The incidence of single or multiple valvular lesions seemed to be 
related to the number of attacks of carditis. 


15. M'latiple Valvular Lesions Belated to Attachs of OardifiV.— The 
incidence of multiple valvular lesions -was greatest in children who 
experienced four attacks of carditis. In children who experienced tvo 
or three attacks of carditis, mitral stenosis with insufficiency was the 
most common lesion. The incidence of single lesions (mitral insuffi- 
ciency) was most frequent in children having but one or no recog- 
nized attack of carditis (Fig. 15). A single attack was followed by 
mitral insufficiency in a very large number of individuals (41 per 
cent). This observation tends to confirm the view that cardiac in- 
volvement is a very frequent concomitant of rheumatic fever. 

A comparison of the incidence of niiti’al stenosis in 125 children 
with a history of chorea, and in l76 children with a rheumatic history 
exclusive of chorea, showed practically no difference. If anything, 
mitral stenosis occurred more often in the group that had not had 


chorea. 

16. Heart Eoilargcment . — On final observation 150 children, or 49.8 
per cent of the children who were afflicted Avith rheumatic heart dis- 
ease, showed slight heart (1 -f) enlargement. Ninety-tAim, or 30.6 per 
cent, showed moderate heart enlargement (2+), and 53, or 17.6 per 
cent, showed marked enlargemeutt (S +, 4+, etc.). (See Table \Ih) 
A comparison of the size of the heart with the age of the child at the 
time of first and last observation shoAvs a slight increase in size at the 
later date. A similar comparison of the size of the heart of ehildien 
suffering from congenital heart disease, heart disease of unknoAUi 
etiology, or “possible” heart disease, on first and last ob.scrvation, 
showed no appreciable difference (Fig. 16). These observations sceju 
to indicate that ehanges in the size of the heart are not relalcd 
A comparison of the size of the heart Avith the number of atfacic.s o 
carditis shows an increased incidence of thi-ee-plus enlaigomenis 

*TIie diagnostic criteria of the Heart Comniittee, New A orlc Tuhorculo.sl.s 
.-Association were adhered to.“ ,li-,trno«i.'-- hein? 

tTJie size of tlie lieart was arlntraril>-.^aded one to four 
made by routine serial iluoroscopic tracings checked in nue.stionai 
roentgenograms. 
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Table VII 


Heart Enlargement in Eelation to Number of Attacks of Cakditis ix 301 
Cases of Eheumatic Heart Disease 


CARDITIS 1 

% OP 
TOTAL 1 

TOTAL 

! 




degree 

OP enlargement 



— ■ 

1 + 

2 

1 

3 + 

I \ 

NONE 

UNDETER- 

MINED 

NO. 

% 

NO. 

1 % 

NO. j 

% 

NO, 

% 

NO. j 

% 

NO.i 

% 

NO. j 

m 

I attack 

34.8 

itiia 

100 

43 

Ennl 

40 

38.1 

17 

16.2 

1 

1.0 

1 

1.0 

3 


2 attacks 

11.0 


100 

6 

18.2 

12 

36.4 

11 

33.3 

4 

12.1; 

0 


0 


3 attacks 

6.9 

21 i 

100 

4 


8 

38.1 

8 

38.1 

1 

4.S 

0 

i 

0 


4 or more 


1 














attacks 

4.6 

14 

100 

1 

7.1 

3 

21.4 

9 

64.3 

1 

B 

0 


0 


None 

42.7 

12S 

100 

96 


29 

22.8 

M 

0.8 

0 

H 

u 

1.4 

0 


Total 

100.0 

301 

100 

ISO- 

49.8] 

92 

30.6 

H 


B 

mm 

B 


m 

\ 1.0 


Heart Cnlar.ge>je«t inT?elationto 
NUNBE.R. OF Attacks of Carditis 
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No.of Cases 
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Tegrec of 
CNLARGEMEnr 




4 + 

3 + 

Z + 

; -h 
Ronc. 


children who experienced four or more nttaelis of carditis ffiS, 
In our experience, then, the degree of heart mvolvonient, as d 
niinecl clinically hy the aiae of the heart and the 
involved seems closely related to the number ot ‘ ^ 

acute rheumatic carditis, rather than to the age of 
17. Fmicfional CTassf/icff/iOTi.— On final ohscrvation . ' 
rheumatie heart disease were classified according o iiii 
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ity. Seventy and six-tenliis per cent were found to be in Class 1; 
11.2 per cent in Class 11 A ; 1.9 per cent in Class IIB, and 13.1 per cent 
in Class III."'’ These figures indicate that the majority of children 
with rheumatic heart disease arc able to lolerate a normal amount of 
work and exercise. 

18. Eaic and Jihyilnn. — Patliolo}rieal arrhythmias are infrequent in 
children. In this series 8 children developed auricular fibrillation. 
All of these eases were fatal. One child with eoufrenital heart disease 
suffered from rej^eated attacks ol jjaroxysmal taehyeai’dia. 


COMAIUX’T 


If it may be assnmed that these .100 children observed over a j^eriod 
of ten years comprise a representative sample of children attending a 
heart clinic in New York City the resulting statistics, although based 
on a small number, may be taken as indicating the status of heart 
disease in children of the class and age groups that were sttidied. 
Accumulation of such statistics collected in a uniform manner will 
correct such inaccuracies as may be due to smallness of number or 
lack of the representativeness of the sample. 

From these data it is apparent that rheumatic infection is the most 
common etiological factor in the causation of heart disease in child- 
hood. The clinical course is in marked contrast to that which obtained 
ill children with nonrheumatic heart involvement. The latter retained 
the same physical signs, without progression, over a period of years. 

A coirsideration of the data pre.sented on the natural history of 
rheumatic infection in its relation to heart disease .suggests that rheu- 
matic infection as observed in children is a general infection. It at- 
tacks mainly children of school age, six to nine years; its course is 
characterized by frequent periods of activity, these being most fre- 
quent during the first three years after onset, and followed by a 
diminishing number of recurrences. The diminution is particularly 
noticeable after the age of twelve when what may be called immunity 
seems to be developing. The ages under three and from ten to four- 
teen appear to be critical periods of particular vulnerability, as 
judged by the rate of mortality and by the increased activity of the 
disease at these age periods. 


In this study periods of activity of infection included symptoms of 
growing and joint pains, polyarthritis, chorea, nodules and acute cardi- 
tis. Other recognized associated symptoms -were not utilized for statisti- 
cal analysis because it -was not believed that such data could be obtained 
with sufficient accuracy from a history record. Since these manifesta- 
tions were always associated with the aforementioned symptoms, the 
exclusion of the former did not appreciably influence the final statisti- 
cal correlations. 
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Tlie heart is probably always affected at the onset of this disease 
Altbougli, as lias been indicated, its involvement is not always de- 
tected elimeally. In 63 per cent of the cases the interval between 
the onset of infection and definite heart involvement was one year 
or less. The extent of the involvement of the heart increased with 
repeated periods of activity, and seemed to remain the same in quies- 
cent periods. The type of associated manifestation did not seem to be 
related to the onset or degree of heart damage. 

It seems, then, that in children rheumatic infection manifests itself 
as a general infection in which the heart is probably the first and 
main seat of involvement, although this fact is often obscured because 
the associated manifestations appear more prominent, being, as they 
are, more easily recognized clinically. 

Comparison between various statistical studies of rheumatic infec- 
tion is difficult. Studies wdiicli include adults are not always com- 
parable with observations limited to children, nor are those wliicli 
view rheumatic polyarthritis and chorea as separate clinical entities, 
with heart disease as a comiolication, comparable with our conceptiou 
of rheumatic infection. If the conception -which we adopt is valid 
the prevention of heart disease in children means the prevention of 
rheimiatic infection. 

In judging the results of therapeutic measui’es of prevention or con- 
trol it is neeessai’y to have in mind the influence of age on the course 
of the disease; that is to say, the influence of age on increasing sus- 
ceptibility, up to a certain period, and developing immunity. 

SUMMARY 

1. Of 500 children ranging in age from turn to twenty-two years, 
observed in a heart clinic, fo ur-fifth s presented a rheumatic history. 

2. Con^;OTital heart defects occurred in 50, or 11.2 per cent. In IS 
of these there was subsequent rheumatic infection. 

3. Children with “possible heart disease” (systolic murmur heard 
between the second and fourth left interspaces) retained the same 
physical signs Avithout progress over a period of years. 

4. The average age at onset of rheumatic infection Avas M years. 
In one-half the children the onset occurred between the ages of .si-v' 

and nine years. ^ _ 

5. Rheumatic infection concerns itself primarily Avith childrmi o 
the grade-school age; about the age of twelve the tendency to infec- 
tion begins to diminish. 

6 Three-fourths of 413 children AAUth a rheumatic liistory de-i-olopec^ 
definite heart disease and one-fourtli Avere “potential licart disea.se 


cases. 
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7. The heart is probably ahvays involved to some extent at the time 
of the first infection (some evidence of involvement was noted in 91 
per cent at the time of last observation), aUhongh marked involvement 
was noted in only 63 per cent within one year of onset. 

8. The associated manifestations of rheumatic infection were not 
indicative of the degree of heart involvement. Growing and joint 
pains bear the same relation to heart involvement as polyarthritis or 
chorea. 

9. The degree of heart involvement seemed closely related to the 
nmnber of attacks of carditis. 

10. Twelve per cent of the children died. Eighty-eight per cent of 
the deaths were due to rheumatic heart disease. The most common 
age at death was between eleven and fourteen years. 

11. The earlier the age of onset of infection the greater is the niim- 
^ ber of recurrences. The later the age at onset the greater is the 

number of recurrences Avithin one year. 

v 

CONCLUSION 

Accumulation of statistical data collected in a uniform manner Avill 
lead to abetter understanding of heart disease in children, particularly 
rheumatic heart disease. 
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STATISTICAL STUDIES BEARING ON PROBLEMS IN THE 
CLASSIFICATION OP HEART DISEASE 

IV. Tonsillectomy in Its Relation to the Prevention of 
R iiEuaiATic Heart Disease" 

May G. Wilson, M.D., Claire Lingo,! M.A., and 
Geneva Croxford,! A.B. 

New York, N. Y. 


INTRODUCTION 

T ONSILLECTOi\IY is an old surgical iirocednre. GloveF states tliat 
the tonsils were removed as early as 10 A.D. Todaj^ tonsillectomy 
has become so commonplace that it is almost a routine in childhood. 

The function of tlte tonsil has not been definitely ascertained. 
Dighy- believes that the tonsil plays an important function in im- 
munizing the body against pathogenic bacteria. CanfiekP believes 
that a child is more susceptible to infection following tonsillectomy 
and adenoidectomy. This observation is in accord with the clinical 
experience of many. 

Opinions differ concerning signs that are indicative of disease of 
the tonsils. Coakley t suggests that attention be paid to ; 

1. The distribution of lymphoid tissue of the lingual tonsils, the nasopharynx, 
nasal mucosa, the posterior pharyngeal wall, the lateral aspect of the pharynx be- 
hind the posterior pillars and below the tonsil on the lateral aspect of the pharyngeal 
wall, and infection of the para-nasal sinuses and mastoid. 

2. The so-called “embedded” tonsil. 

3. The thin, creamy secretion that comes from the upper portion of the tonsils. 

4. The history of repeated attacks of tonsillitis. 

5. Injection of the plica and the anterior pillars of the fauces. 

The frequent occurrence of tonsillitis or sore throat in children 
subject to rheumatic infections has suggested that the tonsil is the 
probable portal of entry and focus of infection. Tonsillitis and sore 
throat are, however, common complaints and, certainly, in the ma- 
jority of cases these affections are not followed by the rheumatic 
MaelachaiU believes that the tonsils are probablj^ more fre- 

Ipirp^ tSY Department of Pediatrics, Cornell University Medical Col- 

spnr’pvT o Clinic of the New York Nursery and Child’s Hospital and the Re- 

AssociaUon'”' Heart Committee of the New York Tuberculosis and Health 

the Committee on Cardiac Clinics, New York. N. Y., October 20, 1928. 

Npw 9 ^ behalf of the Research Committee of the Heart Committee of the 

I'lew York Tuberculosis and Health Association. 

Carrut^if^plv* .communication forming a memorandum for use by the Committee on 
Assocktim Heart Committee of the New York Tuberculosis and Health 
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Qiiently subject to acute inflammcation tliau any other organ of the 
body, and that those who escape one or more attacks of sore throat 
may be regarded as exceptions. He concludes from an e.xteiisive 
pathological study that the disease is pyogenic rather than rhemnatic 
HI origin, the ulcers at the base of the eiypts being the portal of entry 
of organisms. Similarly, GroedeP believes tliat this affection is a 
local eonditioii permitting the entrance of certain streptococci and 
that rheumatism follows onlj’’ where there is a predisposition to tiie 
disease. 

That tonsils are not the only possible portal of entry for infection 
from the mouth is evident when one considers the lymphoid sti’itctui'e.s 
constituting Waldeyer’s tonsillar ring. Complete tonsillectomy and 
adenoidectomy cannot remove all this lymphoid tissue. Following 
operation there is, furthermore, frequently hyjierplasia of munerous 
lymphoid follicles in the nasopharynx and tonsillar fossa. Tonsillec- 
tomy is, nevertheless, a therapentic measure which is widely recom- 
mended for the prevention of rheumatic infection in children. 

REVIEW OP THE LITERATURE 

A revieiv of the literature on the lvalue of tonsillectomy in the pre- 
vention of the occurrence and recui'renee of manifestations of the 
rheumatic sjaidrome is ineonelu.sive. As Cohn® has pointed out, the 
period of observation has frequently been too short and the cases have 
not been reported in sufficient detail to follow the course of the disease 
in each individual. 

A brief review of the litei*ature ma.y best be undertaken, perliaps, 
by reproducing CohnV table, with the addition of experiences re- 
ported since its publication (Table I). The number of treated cases 
reported on in sufficient detail to be included in this table is 1,232. 
Of these, recurrences of manifestations of rheumatic infection were 
noted in 43.1 per cent, and no recurrences in 56.7 per cent. Opinions 
differ among the observers concei-ning the results of the operation on 
the reeiu’reuce of I'heumatic fever. 

Period of Odservatiou . — In few instances only did the average length 
of time of observation after the operation exceed three or four years. 
A summary of cases reported in the literature about Acliich adequate 
details were published to make possible tabulation indicates that re- 
currences became more frequent as the period of observation was c.\- 

tencled (Table II). i - i Up 

Age at Operation.— It is to be noted that the age at which tv 

enucleation of tonsils was performed was not considered by any o 
the observers whose reports are reviewed in Table I. In only 2_.. in- 
stances was the age at operation together with the ages at ^ ' 
sequent manifestations of infection appeared given in the piJblicatio • • 
Tabulation of these data reveals that as the age at which the tons • 



Tonsillkctomy : Its Eftkct on* tiik Occukukmck of IIuku.matic Mantfkstatioxs 
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Table compiled from reports of Young." Crowe, W;vtkins and Rothholz,’" St. Lawrence.'' and Ingerman and Wilson.'- 
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Table III* 


Tonsillectomy 

Eelation of Subsequent Manifestation to Age 


AGE AT 

operation 

years 

TOTAL 

i 

i RECURRENCE 

1 

NO recurrence 

NO. 

% 

NO. 

; % 

no. 

1 % 

0-5 

28 

Too 

17 


ii ’ 


6-9 

88 

100 

49 


39 1 


10 and over j 

lOG 

100 

53 

HQHHH 

53 i 


total 

222 

100 

119 


103 



‘Table includes data reported by Crowe. AVatkins and Rothholz,'” St. Lawrence," 
and Ingerman and AVilson." 


were enucleated increased, the proportion of cases that recurred to 
those that did not recur decreased (Tabie III). 

Controls . — 111 onl 3 ' four* of the series reported Avere corresponding 
untreated groups studied as controls, and in onlj" tAvot did the treated 
children sIioaa^ a lesser incidence of recurrence than the luitreated. 
Even in these tAvo series, hoAvever, as nianj’- as 80.4 per cent and 60.3 
per cent of the untreated children suffered at least one return of the 
rheumatic condition. It is to be regretted that Kaiser,® although he 
gives the incidence rate of the various rheumatic manifestations upon 
the treated and untreated children, does not specifj’’ Avhether the inci- 
dence of infection among the latter occurred during a period com- 
parable in duration Avith that Avhieh elapsed in the treated cases after 
the time of operation. As Avas pointed out in an editorial in a recent 
issue of The Lancet, there is no jmstification for his statement that ‘ ‘ It 
is fair to conclude that the tonsils undoubtedly are a focus in many 
eases of rheumatic fever. Their remoAml offers considerable pi’otection 
against recui'rent attacks, and AAdien the tonsils are remoA’'ed before 
symptoms have dcA’^eloped, the chances for escaping rheumatic infec- 
tion are appreciably increased.’' 

Obviously, Avhen opinions cover so Avide a range as those Avhich Ave 
have repeated, knoAvledge concerning this matter is still imperfect. The 
literature of this subject is large, but contains, Ave think after revicAving 
it, feAv descriptions of the disease or of eases that lend themselA'^es to 
ciitical analj^sis. It has seemed to us to be more important to report 
the lesults of our studies than to revicAv data AAdiich are either incom- 
plete or are collected from points of vieAVAvliich are preconceived. 


INFLUENCE OP TONSILLECTOMY ON THE COURSE OP THE 
RHEUMATIC INFECTION IN CHILDREN 


lu this investigation Ave have made use of the records of 413 rheu- 
matic children reported in a previous paper."® These children Avere 
oyer a period ranging from one to ten years. In 247 cases 


mg^errnan and Wilson.’® Mackie, 
i*i*berraan and Wilson’® and Mackie." 


Robey and Preeaman.’ 




















202 


THE AMERICAN- HEART- JOURNAL 


the tonsils Avere removed. The remaining 166 served as controls. IVe 
have attempted to present the data in detail* and to analyze the 
results, hearing in mind the age of the child at the time of operation, 
the age at the onset- of the infection, and the period of observation 
after operation. There are included as recurrences of manifestations 
of infection (evidence of activity) polyarthritis, growing and joint 
pains, chorea, nodules, and carditis. Tonsillitis was not included, for 
reasons stated in a previous paper^^ and therefore will he considered 
separately. 

Becurrence of Infection After Tonsillectomy.— Oi 245t children sub- 
jected to tonsillectomy, manifestations of rheumatic infection recurred 
in 117, or 47.7 per cent; infection appeared for the first time in 85, 
or 34.7 per cent ; that is to saj^ there was a total incidence of rlieu- 
matic infection subsequent to tonsillectomy in 202 cases, or 82.4 per 
cent of all children operated upon. In only 43 cases, or 17.5 per cent, 
therefore, was there no manifestation of rheumatism after the opera- 
tion (Table IV). 


Table IV 


Tonsillectomy 

Eelation of Subsequent Manifestation to Age 


AGE AT 

OPERATION 

YEARS 

% 

OF 

TOTAL 

TOTAL 

1 AFTER TONSILLECTOMY 

RECURRENCES 

1 FIRST INFECTION 

1 NO RECUnUEKCr. 

NO. 

1 % 

NO. 

% 

NO, 

% 

NO. 

1 % 

0-5 

22.8 



17 1 

30.4 

35 

62.5 

4 


6-9 

47.4 

Mini 

Isl 

59 

50.9 

41 

35.3 

1C 

HI 

10 and over 

2Q.8 

73 


41 

56.2 

9 

12.2 

23 


Total 

100.0 

245 

1 100 I 

1 117 

47.7 

85 

34.7 

43 



Table V 


Tonsillectojit 

Eelation of Subsequent Manifestation to Age 



1 


1 

AFTER TONSILLECTOMY 

‘ 

OPERATION 

TOTAL 

1 



1 NO recorrekck 

Y^EARS 

NO. 

1 % 

NO. 

% 

na 

% 

NO. 

Vf 

0-5 

56 


17 

14.5 


41.1 

4 


6-9 

116 


59 

50.5 


48.3 

16 


10 and over 

73 


41 

35.0 

' 9 

10.6 

23 


Total 

245 

100.0 1 

117 

100.0 

85 

100.0 

43 



Age at Operation and Becnrrent Infection. — In 116 patients, or iTl 
per cent, almost one-half, the operation was performed at ages 
six and nine years (Table W)- It is important to note that Urn - 
also the age at which the greatest number of children became 


‘The ag-e at tonsillectomr, age at onset of infection a Vrcv!o»' 

manifestations of infection have been cliarted for cacli child in F/g. C 

^'^^T\vo cases -vs-ere omitted in the tabulations because of incomplete data. 
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fected. It is inipovlaiit to iioU;, also, that ol children inleclcd alter 
operation, tonsillecioiny was performed between the a}>;es of six and 
nine in approximately 50 per cent of the cases. (Tabic V.) Of the 
treated children who did not experience snbsoqnent infection, how- 
ever, the operation was i)erfornied in lialf of tlie eases after the age 
of ten years was reached. As was indicated in the ]n-evions pajier, 
there appears to be a diminntion in snsceptibilily to rhenmatie infec- 
tion beginning at about the age of ten. it seems probable, therefore, 
that the ago at which the operation was performed, and not the opera- 
tion itself may be the signiticant factor in the incidence of non- 
reeurrence. 

This point is further emphasized Avhen we consider the relative 
incidence of reenrrence and nonrecnrrence in groups of children oper- 

Manifestations of Infection bv A&e, 

IN TtiEATED fitna Untreated Groups 

NUMBtR. OP 
iNFCCnOHS 

zoo 
ns 
(50 
125 
■ I 00 
75 
50 

25 

O 

AGtiNYcftSsI 2 , 3 4 s 6 7 S 9 10 |i iz is |4 I5 ifc 17 18 

No 0(1’^°"'- 'll' 409 *102 393 38t 375 354 35b 295 253 205 Ib3 |3S 104 73 51 

Ch.ljrm 247 247 247 244 240 233 22? 217 210 17B 150 I22 94 74. 58 39 2£ 

IbS lb*} lb2 ISS 153 149 144. 137 124. 1)5 103 B3 4.9 S9 44. 34 25 

Fig:. 1 . 

ated on at different ages. When the age is less than five years, 7.1 
per cent experienced no recurrence; of those operated npon between 
the ages of six and nine, 13.8 per cent did not recur, and at age ten 
or over, 31.5 per cent were not followed by recurrences (Table IV). 
In other words, as the age at operation increases, the likelihood of re- 
currence diminishes. 

Incidence of Recurrent Infection in Treated and Untreated Grou.jis . — 
As was previously pointed out, beginning at two years, the incidence 
of manifestations of infection increases with each succeeding age, 
reaches a peak at the age of eight, and then gradually but progres- 
sively declines. This was found to be true in both treated and un- 
treated children. In general, the trend of the curves is the same for 
both groups (Fig. 1). 
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From our experience in the observation of 245 treated and 165* 
untreated eliildren, we have attempted to learn Avliat the likelihood is 
of reeuri’ence at each age for children in both groups (Fig. 2). The 
ordinates (Curves A and B) shorv the average number of uiauifesta- 
tions of infection which a child has experienced before a given age. 
In Curve A, this' is the number before operation. In similar fashion 
Curves C and D show the 'average number of infections experienced 
after each age. In the case of Curve C it is the average mnnber of 
infections experienced after operation. The curves lead us to expect, 
for instance, that a child that presents itself for operation at tlie age 
of six years will have suffered, on the average, one attack of infec- 
tion, but that after operation it will yet experience more than three, 
probably four, attacks. A child of like age not operated upon, nhile 

Avera&e NuMB£t£ OF Infections pek. Chilv 
BEFORE ANP AFTBK. ACE SpECIFIEV 

aveea&e. Period of Observation from l-|0 years after each age 

Number of 

Jhfectiohj- 



it will have experienced a somewhat lesser number of infections, vih 
likewise experience about three times as many attacks in subsequent 
years. Similarly, a child that presents itself for operation at the age 
of thirteen years will have suffered, on the average, four attacks anc 
is likely to exhibit after operation two more attacks. A child of i 
age not operated upon is likely to experience but one suhscqueii 

attack. 

In general, these curves seem to express the following: 

1. As the age increases, the average number of attacks of infection 
a child may anticipate decreases. At nine years, the average c n 
will have suffered (Curves A and B) as many attacks as it vi 
perience in subsequent years (Cui-ves C and D). 

,One case was oniitteU in the tabulation becau.se of incomplete .lata. 
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2. This is true whether a child has or has not been operated upon. 
The curves for the two groups are almost parallel. In both groups 
the incidence of infection increases with age (Curves A and B). 

3. Although the curves for the two groups are approximately paral- 
lel, those representing the untreated children are at almost every 
point lower than those representing the treated group. That is to say, 
at each age the untreated children experienced fewer infections than 
did those that were treated. One may assume from these figures that 
the untreated children were less .susceptible to recurrent attacks of 
infection and that, perhaps, for this reason they were not subjected 
to tonsillectomy — a therapeutic measure often applied, especially to 
cases of severe and recurrent infection, in the absence of knowledge 
of more certain therapy. On the basis of this assumption, the un- 
treated children in this series do not constitute a perfect control group. 

4. Excision of the tonsils seems to have no ellect on the recurrence 
of rheumatic infection. 

If this analysis of our data is correct, it may be an explanation of 
the contradictory results obtained by various observers concerning 
the effect of tonsillectomy in rheumatic children. If the majority of 
the children reported on in any series have reached an age of ten 
years or more at the time of operation, the results of the operation 
might appear to be favorable as judged by recurrent infection. If, 
on the other hand, the sample is overloaded with cases that were 
operated on at earlier ages, a high incidence of recurrence would be 
the probable result and the benefit of tonsillectomy would A'ery likely 
be que.stioued. 

Penod of Ohservaiion . — A study of the literature reveals the fact that 
the percentage of recurrences in treated children increases with time 
(Table II). AVe have attempted to comsider this factor by drawing 
curves similar to those already pi-esented, limiting our data in each 
case to children who were observed for varying numbers of yeax’s 
after each age (Pig. 3). In genei-al, the curves are in agreement with 
our first series. At every age subsequent to an age ranging from 
seven to nine years, a child, on the average, experienced fewer at- 
tacks of infectioix than it had before the age specified. 

It is appai’ent fi-om these cui'ves, also, that the longer the period of 
observation, the greater is the average number of infections at each 
susceptible age. This is true in the treated as well as in the untreated 
groups. After the age of nine years, when, as we have shown, sus- 
ceptibility to infection appeal’s to be lessened, prolonged periods of 
observation have no effect on the number of recurrences. ’ 

Tonsillitis . — Of the 247 children from whom the tonsils Avere removed, 
) or 50.2 per cent, experienced recurrent tonsillitis, and 123, or 
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AveTSflGE. Numbe-r op InF£CT/ON5 -per. Chiltj 

BEFOtiE AND AFTER. AgE SPCCIFIEV 



Ko. Children { Treated 5 5 U 17 16 S'* 33 3iL 22. IS 16 II 7 I I 0 I 2«5 

at specified Unreedred |fe5 |fcS ifcn- ifaZ 158 (S3 MS Idfc l37 IZfc 115 (OJ 83 6S 5? dfc 3“! ZS' U5 
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TauLE YI 


ToA'sir.r.Ecroji v 

IXCimiNCE OP TOXSIEEITIS IX TUEATI'-I) AXD UXT]!KATP.n CniEDItP.X 



TOTAE 1 

1 TOXSltiEms 1 

1 NO TONSIEEITIS 

XO. 

7r 

NO. 

% 

NO. 

% 

Treated 

217 

100 

124 

00.2 1 

123 

40.8 

Complete eiuieleation 

(220) 

too 

(107) ' 

(4S.G) ' 

(113) 

(51.4) 

Incomplete enucleation 

(27) 

too 

(17) 

(G3.0) 1 

Hsn 

(37.0) 

Untreated 

ICG 

100 

SO 

48.2 

SG 1 

51.8 

Total 

4]:; 

100 
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49.8 per cent, did not (Table Yl). Of 166 children who Avere not 
operated npon, 80, or 48.2 per cent, gave a history of recurrent tonsil- 
litis, and 86, or 51.8 per cent, did not. The influence of tonsillectomy 
on the recurrence of tonsillitis aiid sore throat .slioAved on analy.sis 124 
case records, 50, or 40.3 per cent, in Avhom there Avas recurrence and 
74, or 59.7 per cent, in aa’Iioiu there aaeos none. In 107, or 86.3 per 
ceiit, enucleation AA'as comxflete and in 17, or 13.7 per cent, it A\ms 
incomplete. 

The possible importance of complete and incomplete tonsillectomy 
has bee2i stressed by some ohsevvevs. In tliis series tonsillar tissue 
AA’as left in 27 aa'Iio aa’CI'c reexamined after tonsillectomy. A compari- 
son of the aA’orage number of infections experiejiccd by these children 
after tonsillectomy shoAA'cd no difference from those aa'Iiosc tonsils had 
been completely enucleated. 


COMMENT 


When the etiological agent, the portal of entrance, and the focus 
of infection are unknoAAui in a disease, it is difficult to estimate the 
influence of any one therapeutic measure. This is particularly true 
of tonsillectomy in its relation to the prcA’cntion of rheumatic infec- 
tion in children. 

A summary of the aAmilahle data on the A’alue of tonsillectomy in 
this disease is inconclusiAm for reasons already discussed. It is ohAUOus 
that before we can expect to obtain results based on conclusiA^e cau- 
denee, it is necessary that : 

1- The number of eases studied he greatly increased. 

2. Criteria for rheumatic infection and disease of the tonsils he 
uiAiforin. 


3. Enucleation of the tonsils he complete and other possible foci 
of infection he excluded. 


4. Cases be so recorded that it may be possible to deduce AAdiat 
Aas actually been the course of cAmiits. 

5. The duration of obsei-Amtion be extended. 


6. Cases not operated upon be studied as control groups; that such 
gioups be comparable, so far as is possible, to the treated cases, in 
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respect to age, constitution, duration of observation, virulence of io. 
fection, and susceptibility to its recvirveiice. 

This investigation includes a small series of 247 children from ivhoiii 
the tonsils were removed. The results as judged by the oecurrciiee 
and recurrence of manifestations of infection after operation do not 
indicate that tonsillectomy is to be advised as a routine therapeutie 
measure for the prevention of rheumatic heart disease in children. 
One may urge that this particular series of children was umisually 
susceptible, that the etiological agent was particularly virulent, or 
that other foci were still present. The question of incomplete toii.sil- 
leetonij'^ cannot be discussed from our limited data. Its importance 
has, we believe, been overemphasized. The impossibility of complete 
surgical removal of all possible foci in the nasopharynx is obvious. 
To expect tonsillectomy to prevent the occurrence of rheumatic heart 
disease does not seem justified in the light of present insufficient 
knowledge of this disease. 


SUMMARY 

1. Of 413 rheumatic children observed over a iieriod of from one to 
ten years, 247 were subjected to tonsillectomy. 

2. Manifestations of infection recurred in 47.7 per cent and ap- 
peared for tbe first time in 34.7 per cent of tlie treated cbildren. 

3. In onlj'’ 17.‘5 per cent was there no manifestation of rlicumatism 
after the operation. 

4. In rheumatic children less than nine or ten years of age, reenv- 
rent attacks were fr equen t, wh ether or no t tonsillectomy had been 
performed. In older children recui'rent attacks became less frecpicnt 
regardless of enucleation of tonsils. 

5. The age at which tonsillectomy was performed and not tlie fact 
of tonsillectomy appeared to be the significant factor in the incidence 

\ of nonrecurrence of infection after operation. 

CONCLUSION 

The routine removal of tonsils for the prevention of rheumatic heart 
^ disease in children is not based on conclusive data. 
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ON THE LY3IPH PLOW OP THE HUi\LUN HEAET, WITH KEPE K- 
ENCE TO THE DEVELOPaiENT OP THE CHANNELS AXD 


THE FIRST APPEARANCE, DISTRIBUTION, AND 
PHYSIOLOGY OP THEIR YALYES- 


Otto P. Kampmeiek, Ph.D., M.D. 
Chicago, III. 


TN Ml researches on the genesis, arrangeiueiit and action of flip 
valves in the lyuipliatie sj'stem,f I discovered some notable features 
respecting tlieir initial apjjearanee and distinbntion in diverse parts 
of the human body.:!: In an organ like tlie lung, for instance, wliieli 
does not exercise its function until the close of fetal life, the valves 
arise synclironously with those of the systemic lymphatics — only tlie 
ones in the neck and mediastinum appearing' earlier. But in the sev- 
eral areas of the lung remarkable ditferences obtain in tlie miiiibpr 
of valves laid down. In the fetus and newborn they occur abundantly 
in the pulmonary pleura facing the heart and are somewhat less 
numerous in that facing the- diaphi'agm and the anterior thoracic 
wail, but they are absent or at best very scarce at the apex and in 
the vertebral and the dorsal and lateral costal surfaces of the lung. 
This strikiugfv unequal disposal of the lymphatic valves suggc.sts hut 
one explanation, namely, that the excursions of the beating heart, 
for example, impinging on the medial side of tlie hmg and tondiug 
to interfere with the steady flow of lymph during its respiratory ex- 
pansion, led to the evolntion of snch regulators whereby the direchwi 
of the enrreut is maintained and safeguarded. I believe that this 
jiartieular illustration of the arrangement of the lymphatic valves 
represents the most lucid demonstration yet ob.servcd of their funda- 
mental purpose. 

Such morphological peculiarities as these, and speculations on their 
physiological significance, induced me to seek information conccvmu? 
the genetic, as well as functional, history of the lymphatic valvo.s m 
the heart, especially because this organ is the first permanent one to 
assume its definite duties in the life of the individual. 


♦From the Department of Anatomy. CoUege of Jledicino, Univoi-slty of Illinoi?. 
tin 1923, the directors of tlie Bache Puntl of the Xational Academy of •''‘'1'"''’ 
made a grant of one hundred dollars, and the committee on grants of the -Y”'’ ! 
Association for the Advancement of Science set aside tlie same sum to o''.' ' 
mv investigations on the evolution and comparative morphology f'' . "L" 

system. Since considerable time will still cIap.«o before a cyniprchonsn e mono. . ^ ■ 
wiiicb is being prepared, is ready for publication. I take tlie ni>Portun!t> la r 
in other papers dealing with the .subject of acknowledging the a.s.sl.'-tniicc „i\i 
pursuance of that plan. - , 

tThe Genetic History of the V'alvos in tlic Lympiiatic System of Jinn, -'n • • ' ' 

^^^Fu'rther^’o'bservation on the Xumeric.al Variabilit.v, Paction, ruiiction, and FO' 
of the Valves in the Human Thoracic Anat. Rec. 192S, xxxvm. , (n 

On the Distribution of Valves and the First Vppcar.-ince of 
the Lymph Drainage of the Human Lung, Am. Rev. Tiibeic.. 19-S. x\in. •> 
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Three hundred years have elapsed since the rediscovery ot the 
Ij^mphatics by Asselli (1622), and tliough a goodly array of papers 
has dealt directly or indirectly with these vessels of the heart, much 
obscurity still prevails about them. Their origin and differentiation 
in the human lieart, not to mention that of their valves, has never been 
examined, and regarding their I'ole in its activities “physiology is 
silent,” as one author succinctly remarks. 

The growth of the knowledge we haA'e of the lymph channels of 
the heart has been halting. jMaseagni, in his famous treatise on the 
lymphatic system printed in 1784, cites Iludbeck, Nuck, and Casse- 
bohm as having seen them earlier. Cruikshank, whose work was pub- 
lished two years after IMascagni’s also confirmed their findings, but 
all of these investigators had only perceived the superficial lymphatics. 
Later these pei'ieardial vessels were studied in man and other mam- 
mals by Gurlt (1844), Leyh (1859), Teichmann (1861), Eberth and 
Belajeff (1866), Wedl (1872), Bizzozero and iSalvioli (1787), Sappey 
(1885), Tanasescu (1907), Rainer (1909), and others, so that today 
we possess an adequate picture of their course and topography. Most 
of the investigators named also traced the path of the lymph stream 
from the heart to the nodes of the mediastinal territory. Most re- 
cently (1928), Shore has undertaken an inquiry into this phase of the 
subject from the standpoint of infections. 

It is when we turn to the matter of deep cardiac lymphatics that 
we meet with radical differences of opinion regarding their existence 
and nature. Leyh (1859), it seems, was the first to point out their 
presence in the mjmeardium, and Luschka (1863) described them as 
forming a rich network discharging into the peripheral plexus at the 
furrows and apex of the heart. However, Eberth and Belajeff (1866) 
claimed that the heart muscle was deficient in such vessels. Henle 
(1868) and Sehweigger-Seidel (1871) likened the organ to a “lym- 
phatic sponge,” they assuming that all the interstices between and 
around the fasciculi contained and conveyed lymph. By means of the 
'Binstieh-methode,” or injection by puncture, Skwmrtzoff (1874), 
Skworzow (1874), and Navalichin (1882) filled a myocardial net of 
channels which they interpreted as lymphatic, and fidiieh they said 
was lined throughout with endothelium. Salvioli (1878), supported 
by Masini (1887), could not discern continuity between the lymph 
vessels of the interfascicular septa and the intermuscular spaces, and 
hence rejected the simile of the “lymphatic sponge” as applied to 
the cardiac musculature. On the other hand, Bianchi (1886) wms led 
by experiments to believe that no true lymphatics — that is, vessels 
possessed of an intima — occur in the myocardium, and that the lym- 
phatic fluid percolates through its ill-defined crevices, eventually to 
e absorbed by the pericardial channels. A year later, Albrecht 
(1887), by injecting the living mammalian heart and letting its natq- 
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la movements disseminate the injected mass, reached the eoneliisioii 
that a widespread and endothelial-lined lymph eapillarv plexus per 
vaded Its muscle. But Ranvier (1889) again revived the idea of die 

tymphatic sponge.” 

In an attempt to settle the controversy, Nystrdm (1897) employed 
three methods : those of injection, sectioning, and Golgi impregnatioH. 
on fresh hearts of the dog, cat, pig, calf, sheep, rabbit, and man. His 
inference was that the lymiphatic pathways of the heart muscle are 
composed of a combination of interstitial spaces and true endotliclial- 
lined vessels. The spaces themselves ‘are of complicated form and 
are in intimate relation to the muscular elements, in so far as they not 
only surround the individual fibers but also send minute radial ex- 
tensions into their sarcoplasm. Notwithstanding all the evidence to 
the eontraiy, Poirier and Cuneo (1902) returned to Sappey’s (1885) 
earlier attitude of denying altogether the existence of definite lym- 
phatics throughout the my’-ocardium. 

The most elaborate and, in my judgment, the most decisive work 
yet done to demonstrate the actual occurrence and character of myo- 
cardial lymphatics was carried out by Bock (1905). Confronted 
squarely by the pertinent criticism, already recognized by his im- 
mediate predecessors, that the results derived from blindly injecting 
the myocardium by 25uueture do not permit absolute distinction 
between lymphatic and hemal plexuses, he made use of the method 
of double injection. After flushing the blood from the coronary ves- 
sels and filling them with carmine gelatine under pressure, and then 
forcibly’' injecting Berlin blue into the myocardium, he was able to 
I'exmal two complex yet entirely sepai’ate vascular networks both pos- 
sessing distinct walls. He plainly asserts that diffusion of the injecta 
from one set of vessels into the other xvas not visible. Neverthelc.ss, 
Cash (1917), on the basis of a study of the formation of the lyin])hatics 
in the heart of the embryo and fetal pig, not only' maintained that the 
mymcardial plexus of lyunpli channels is not as extensive as Bock be- 
lieved — ^they becoming fcAver and smaller the deeper they penetrate 
toAvard the endocardium — but he intimated that Bock did confuse 


those vessels. .. 

Nor is there unanimity of opinion concerning the existence of l.vm- 
phatics in the endocardium. Contrary to Eberth and Belajcff (1866) 
and Wedl (1872) who had reported a plexus of these canals wliici 
enter even into the flaps of the mitral and tricuspid valves, Scliwarf/- 
SkAAmrtzoff (1872) said he ivas unable to find them. But Sappey^i 
(1885) injections xvith mercury did disclose such a network, an observa- 
tion that was corroborated by Nystrom (1897) who also agreed tha » 
flourished better in the ventricles than in the atria. I et Gas i ( 
contends that “claims for an endocardial lymphatic ' 

denth' founded on partial injections of the His bundle. -i ' r 
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cannot deny the reality of lymph A'essels in the inner lining of the 
heart, the objection of Cash is Avarranted. Before the existence of 
the atrioventricular bundle Avas kiioAAni, the channels- manifested by 
injections into it naturally Avere assigned to the lymphatic system. 
Indeed, further research has still to prove that the injectable sheaths 
AAdiich folloAv the intricate ramifications of that conduction bundle are 
not in direct communication Avith the true lymphatics. 

For the sake of clarity in the account of the arrangement of the 
lymphatic valves, the folloAving image of the lymph drainage in the 



of the anterior surface of the fetal heart, from the middle of in- 
niovii showing' the course of the chief channels of tlie pericardial lymphatic 
ami r ’j®-" ■ I’® distribution of its values. Approximately 4 X. R.V., L.V., R.A., 
triiniT' p' isft ventricles and atria, respectively; A, ascending aorta; P.A., 

oniol^ ?*■ ai'tery ; a.u.i., anterior ventricular lymphatic; r.v.l., right A'entri- 

inri 7 and l.av.l., right and left atrioventricular lymphatics: r.c.l. 

fit oh 1 7^1?''*- cardiac lymphatics, the oiferent lymph ducts of the heart: 

hpinw stated that these lymphatics are portrayed schematically, no attempt 

charf show the great irregularity of caliber and the plexlform character, so 

® even the larger lymphatics). The arrows indicate the course of the 
determined from the directions in which the valves point. The loca- 
n ot the valves, marked by dots, was plotted in a graphic reconstruction. 


Immaii heart may be constructed in its main outlines. From the deli- 
cate radicles and meshes of a more or less extensh’-e net of Amssels 
spread throughout the endocardium and myocardium, the lymph is 
collected by the interfascial channels AAdiich, closely paralleling the 
I’^yocardial tributaries of the coronary blood vessels, transport it to 
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tlie external layer of the heart. Here, particularly along the furrow, 
they emerge as relatively large channels the frequency of yhicL as 
seen in serial sections of the fetal heart, dispels any remaining doVtt 
about the existence of Icnidred channels in its depth. The nericardiil 
yniphatic plexus itself, ivhieh receives these deep vessels and n-hicli is 
so c early portrayed in the figures of Sappey and Tanaseseu for ox- 
ample, covers the ventricular district of the heart lavishly, the atrial 
scantily. In my own diagrams (Figs. 1 and 2) merely the course of 
the major collecting conduits of this superficial plexus is pictured. 



Fig. 2. — Diagram of the inferior or rtiapliragniatic surface of tlie lieart illu.“tr.alc*1 
Fig. 1. i.v.l., inferior ventricular lymphatic. Other references as in I'lg- i- 


in 


Of these conduits — jilexiform and tivining about the contiguous coro- 
nary arteries and veins — the one (a.v.L, Fig. 1), situated in the ou- 
terior ventricular sulcus and draining the greater part of the front 
of the lieart except at tlie right, unites ivith the left atrioventricu nr 
lymphatic (l.av.l.), running from the diaphragmatic surface, to foim 
the left trunk of the tivo principal lymphatic outlets of the lieart. i ‘c 
efferent (l.c.l.) so formed proceeds upward between the left afriim' 
and the pulmonary arterial trunk, and then bending to tlie posterior 
side of the latter traverses in some eases an intrapericardial ami rcivo- 
pulmonary Ijunph node, more rarely a subaortic one, on its wni o 
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the tracheobronchial group of nodes. Similarly a ventricular lym- 
phatic (r.v.l.) drains much of the right ventricle, is joined by an 
atrioventricular lymphatic (r.av.l.) coming from the rear, and is con- 
tinued as the right principal lymijhatie outlet (r.c.l.) of the heart. 
This channel passes along the forward side of the ascending aorta 
to enter an anterior mediastinal node, -which in the infant is retro- 
thymic and in the adult is situated at the root of the left common 
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,^-~PJiot<ynicrograph of part of a transverse section through a 30 mm. (2.2 
and Ipl’f fetus at the level of the base of the heart. X 27. r.c.l. and l.c.l.j right 

lymphatics, representing the primary Ijunph channels Invading the 
thnrooi development, and retained througliout life as tlie efferent ones, t.d., 

A Tsno P'’6tracheal lymphatic plexus; R.A. and L.A., right and left atria; 

hrrvSnv.- aorta ; P.A., trunk of pulmonary artery ; S.V.C., superior vena cava ; h., 
cni ; oe, esophagus ; a, descending aorta. 

carotid. lu few instances the right trunk on leaving the heart bears 
R small iutrapericardial node, preaortic in iiosition (Tanaseseu). It 
IS evident that variations occur; for example, the right trunk may 
occasionallj^ (3 jier cent) go behind the pulmonary artery to combine 
^'’ith the left trunk. 
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Since the literature is mute on the development of tlie lympliaties 
in the human heart, it was necessary to determine the first appear- 
ance and situation of these before considering that of their valves. 
In an embrj^o of 30 mm. — at the end of the second lunar montli of 
pregnancy — turn plexiform extensions from the mediastinal lymphatics 
have entered the base of the heart. One, arising as a branch from the 
upper reaches of the thoracic duet, near the jinictioji of this duct 
with the left jugular lymph sac, and extending down in front of the 
left carotid and to the left of the aortic arch, comes to lie (r.c.L. 
Fig. 3) ill the groove between the pulmonary artery and the ascend- 
ing aorta. It then grows out ventral to this vessel and along the right 
coronary arteiy, although in the 30 mm. specimen it had made little 
progre.ss here, its tip soon vauishing in the mesenchyma. The other 
extension (l.c.L), the more important of the two and a derivative of 
the pretracheal lymphatic plexus, runs dorsal to the pulmonary artery 
and then to its left, subsequently^ to be prolonged along the left 
coronary artery. The pretracheal plexns itself largely repi’e.sent.s a 
downward growth from the right jugular lymph sac by the side of 
the right cardinal vein, though it is also in anastomotic connection 
with projections from the thoracic duct. 

The two original or primary lymphatic extensions into the embry- 
onic heart are retained as the efferent lymph passages of the aclnlt 
organ. Though there is nothing to prevent the cardiac lymph stream 
from taking its way to the lymphaticovenous gateways at either the 
right or the left jugulosubclaviaii regions, it seems the pathway to the 
right via the tracheal plexus and the right bronchomediastinal trunk 
assumes greater significance. 

Ill the 40 mm. human embiyo the primary lymphatics of tlic heart 
have extended far along the coronaiy arteries in the interventricular 
and atrioventricular sulci. Because of the limited human embryonic 
material available, I was unable to ascertain how the formation aafl 
elongation of the earliest cardiac lymphatics are achieved, wlietlier by 
centrifugal sprouting or by the centripetal coalescence and addition 
of discrete lymphatic spaces, as happens in the genesis of the mam 
systemic conduits. It may be pointed out, however, that the mesen- 
chymal tissue in the furrows is wider and of looser texture than else- 
where in the visceral pericardium. 

During the third month of intrauterine life a net of lymph vesse s 
expands rapidly over the periphery of the heart so that by the begm- 
ning of the fourth month the greater part of the surface is fimnsic 
with them. Ultimately this pericardial plexns becomes intricate am 
close-meshed over the ventrienlar territory, hut always remains more 

restricted and simple over the anricnlar, ^ _ 

111 his study of the development of the cardiac lymphatics m 
pie-. Cash noticed that the .superficial plexns is establi.shed almo.st com 
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l)letely bei'ore tJie invasion oL’ iho myocanlinin eomnunices. iiis en- 
deavor to inject the myocardial lymphatics in specimens ranging 
from 60 to 150 mm. in length failed to reveal many such vessels. 
Indeed, he implies the conclusion already touched \x]')on that neither 
are they as ahundant. in the myocardium as lloek .snii])osed nor do they 
appear in the endocardium — a view which 1 am not prone to accept. 

At the end of the third oi- the heginning of the fourth month of 
prenatal life, the first valves have their inception in the lievcloping 
pericardial lymphatic plexus. The earliest ones arise in the main 
channels accompanying the coronary blood vessels. Shoiily after, 
during the nudtiplieation of connections in the network and its dif- 
ferentiation, in M'hich the abandonment and collapse of some channels 
and the increment of othei’s is dominant because of the .shifting hydro- 
static conditions ensuing from the active develoiiment and growth of 
the heart as from that of any other organ, valves spring U]) also in 
the more distant parts of the ]dexus. 

Despite the early demands put on tlu* heart in the formation of the 
individual, its finished state is accomiilished no earlier, it seems, than 
that of most other organs. Certainly this holds true as regards the 
accpiisilion of its lym]diatic.s and their valves, in which ju-ocess it does 
not even surpass the lungs. To say that during ontogenesis the 
details of organization are engendered in confoionily with some de- 
terminate pattern or memory inherent in the ])rotoplasm is to mask 
our ignorance ; yet it is impi'cssive that such creation occurs irre.spec- 
tive apparently of immediate functional exigency. The cells that 
build the lymphatic .system are capable of proliferating valves be- 
tween the end of the second and the beginning of the fifth month of 
fetal life and probably lose that power thereafter. The oldest or 
earliest lymphatic territory acquires its valves first. I have shown 
previously'"' that at approximately two months some have already ap- 
peared in the tributaries of the jugular lymph sac in the neck region. 
As early as three months they are encountered in such a distal area 
of the body as the femoral trigone, and but a short M'hile after they 
abound throughout the lymphatic plexus of the entire lower extremity. 
It is at this time too that they are generated in the heart and lungs. 

In their mode of origin and development the Auilves of the cardiac 
lymphatics do not differ from those elsewhere in the body. For a 
detailed description of the genetic pimcedure the reader is referred to 
my paper in the American Journal of Anaiomy.'f It suffices to say 
that, in the large systemic trunks like the thoracic duct, their ineep- 
tion an d perfection is identical with that of the venous valves,! 


*Loc. clt, footnote, page 210. 

TLoc. cit., footnote page 210. 

the^vS?oiTo and Carroll L.t Fleur Birch; The Origin and Development of 

Jour^Anni Kspocial References to the Saphenous District in Sian, 

Anat., 1327. xxxviii, 451. 
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ivliereas m the peripheral plexuses iuclucliug those of the heart hui-s 
e c., 1 .vanes accordiug to whether they originate at confluences of 
vessels already completed, or at confluences just being established. 
In the one ease the valve issues from an endothelial proliferation that 
encircles the entrance of one channel into another, in the other the 
valve is produced from the tip or bud of a small vessel that grows at 
a tangent into the lumen of a bigger vessel. An example of a fuli,v 



Fig-. 4 . — Photomicrograph of a section at the surface of the ventricular 
the heart in a fetus of 105 miii. (3,8 months). X 270. P. pericardium ; ■‘Y* antin' 
gin of myocardium ; I, lympli vessels, witli a valve at * ; T , hranch of a 


formed valve in the pericardial lymphatic plexus is depicted in longi- 
tudinal section in Fig. 4 (at ^). 

When we look at the distribution of tlie lymphatic valve.s in t 
heart, we find that the larger channels of the pericardial plexus in| 
supplied more liberally with them, as we slionld expect, than the ninr 
terminal me.shes. Cnriously, too, they are more plentiful on the an^' 
rior than on the inferior or diaphragmatic face of the heait. 
paratively, they are most numerous at the apex where the ar,. 
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conduits of the network arc in direct union. It is true that these ob- 
servations were made on the fetal organ, but there is evidence to favor 
the assumption that tlic production of lympliatic valves is finished 
before birth and that their relative numerical differences on the sev- 
eral sides of the heart persist. With few exceptions all of the valves 
were found in the ventricular portion. For example, of the nearly 
300 valves counted in the heai*t of a 105 mm. (3.8 mo.) fetus, not more 
than four or five occurred on tlie atrial surface. In the depth of the 
myocardium they were absent, but near its peripliery an occasional 
one was seen in the mouths of the intorfascial lymph cliannehs pointing 
outward to the pericardial. 

In approaching the physiological side of the subject, it is obvious 
first of all that the direction in whicli the flaps of the valves project 
is indicative of the direction of the current. From the disposal of 
these structures it is correct to infer that the flow is from the depth 
of the heart to its exterior, thence through channels located in the 
furrows into the efferent lymphatics leaving the heart, and, after 
filtering through one or more lymph nodes, into ducts already men- 
tioned that carry it to the venous stream. 

A comparison of the lymphatic organization of Ihe lung and heart — 
two organs so totally dissimilar .strueturallj*, functionally, and in the 
periods of their initial aetivtiy — .shows that the influences which the 
valves are designed to counteract are situated in the one ease out.side, 
and in the other within the organ. While the peculiar distribution of 
the valves in the lung, as briefly sketched in the introductory para- 
graph, is the answer to the movements and ju'cssure of the heart, dia- 
phragm, etc., upon it, in the heart the dominating factor is its own 
musculature, hence the great preponderance of valves on the ventricles. 

Similarly, the .site of the chief lymph channels in the furrows of the 
heart like that of the other eoronaiy vessels is without doubt an 
adaptation to the architectural arrangement of its fascicles and the 
manner of its pulsation. Analogous to the wringing out of a wet 
cloth, the kind of contraction brought about by the spiral twist of its 
muscular bundles — fastened as they are to the fibrous rings of the 
A^enous and artei’ial ostia at the base of the heart and conimrging at 
the apex in a vortex — ^not only effectually evacuates the blood from 
the ventricular chambers, but also greatly compresses the vessels 
within their Avails. During systole the muscular force together Aidth 
the pressure of the blood against the endocardium squeeze the lymph 
from the substance of the heart to its surface. This is facilitated b3^ 
the relaxation of the pericardial covering and the consequent aug- 
mentation in the volume content of its Ijmiph channels occurring when 
the ventricular diameter diminishes during the beat. It is evident 
that the extensiA'eness of the superficial Ijuiiphatic plexus is the ex- 
pression not of any vigorous metabolism Avithin the connective tissue 
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of the pericardium itself, but of service as a lymph reservoir iu dose 
periodic sequence. 

The expulsion and outflow of IjuuidIi from tlie heart throug'Jj the tiio 
efferent pathways probably occurs in a continuous stream, for both 
systole and diastole sustain it, the flrst because of the sliortening of 
the heart axis from apex to base, the second because of the strete]iii)e 
of the pericardium during the filling of the chambers. Yet diirin? 
both phases factors arise which also favor backflow iu its lympJiatics. 
With the distention of the ascending aorta and the pulinouary artory 
during ventricular systole and the subsequent closure of their semi- 
lunar valves, the adjacent thin-walled lymph vessels would be aiiecfeil 
because of their close juxtaposition to them. In the second place, the 
slackening of the myocardium in the diastolic phase, causing a suction- 
like action on its vessels, would entail a retrograde motion oi the 
lymph were it not for the interposition of the numerous valvulnr 
baiTiers. 

The lymphatics of the heart must be considered as constituting pri- 
marilj' a drainage s.vstem eazuying away the products of cellular 
metabolism not selected by the venous capillaries. A few years ago, 
Pratt (1924) advanced the suggestion that those lymph vessels may 
serve a nutritive function, imbibing materials from the blood tlirougli 
the endocardium and conveying them to the heart muscle, thus aiding 
the coronary arterial stream — an hypotliesis for wliieh there is little 
foundation. True, the laeteals absoi-b foodstuffs through the intesti- 
nal lining, yet they do not secrete them again but transport them to 
the veins for diffusion to the entire organism by the blood stream. 

summary 

1. Despite the many papers that liave been published on the lyi" 
piliatics of the heart, much obscurity still prevails concerning thcii' 
existence in the endocardium and their extent in the myocaidiuiu. 

2. Because neither the development of the channels in the Inuimn 
heart, nor that and the distribution of their valves have been .sfluhet 
before, the present communication aims to offer informalion iu t us 

mattei-. _ 

3. At the end of the second lunar month of intrauterine hie, ' ^ 
plexiform extensions from the mediastinal lymphatics liave 

the base of the heart. One, arising from the upper reache.s o 
thoracic duct and passing down in front and to the left of the <iorjt 
arch, conies to lie between pulmonary artery and ascending aoifa ^ 
then grows ventral to the latter and along the right coronary artcE • 
The other, a derivative of the pretracheal lymphatic plexus riiu-'' 
hind and to the left of the pulmonary artery to be prolongoi a o r 
the left coronary artery.' Both of these primary cbanuels arc pd 
nently retained to constitute the efierent lymph conduits oi the inu 
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During the third month a not ol! vessels growing out from them ex- 
pands rapidly over the )K'riphcry of the heart. While that of the 
ventricular territory eventually becomes intricate and close-meshed, 
that over the auricular remaius less well-developed. Extensions from 
this superficial or, pericardial jilexus invade the myocardium to form 
its plexus. ^ 

4. At the eud of the third or the begiuniug of the fourth month of 
prenatal life, the first valves have their inception in the developing 
pericardial lymphatic, plexus, e.sjiecialiy in the main pathways accom- 
panying the coronary vessels; subseiiueutly. they spring up also in 
the more distant stretches of the network, but in smaller numbers. 
Their mode of genesis — similar to that in other peripheral lymph chan- 
nels of the body — varies according to whether they originate at con- 
fluences already completed or at confluences just being formed. In 
one case the valve arises from an endothelial jiroliferation that en- 
circles the entrance of one vessel into another; in the other, it is 
produced from the tip or bud of a small vessel that grows at a tangent 
into the lumen of a bigger A’cssel. 

5. Regardless of the early demands put on the heart in the life of 
the individual, it acquires its perfect lymphatic organi/.atiou no ear- 
lier than any other organ or region, with the exce])tion of the jugular 
and mediastinal districts in which the earlie.st valves make their ap- 
pearance at two months. In this respect, the heart does not even sur- 
pass an organ like the lung which is not called upon to serve until 
birth. 

6. As to distribution, more lymphatic valves are found on the ante- 
rior side than on the diaphragmatic side of the heart, at any rate in 
the fetus. With few exceptions all of these valves occurred on the 
ventricular portion; for exanpfle, of the nearly 300 valves counted in 
the heart of a 3.8 mo. fetus, not more than four or five were atrial in 
location. In the depth of the myocardium these structures are absent. 

7. Finally, the physiology of the lymph circulation of the heart is 
discussed; the direction of its flow, the mechanical factors influenc- 
ing it, and its function. 
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CO^AtPARlSON OF THE ELECTJUCAh AXIS SIIOAVN BY THE 
ELECTKOCAKDlOGRA^l WJTII ROENTGEN :MENSIjRA- 
TION OF THE HEART-' 


WiiiUAM D. Kkih, i^rJN 
Bostox, j\rASf;. 

D ETERillNATlON oi' the ciectricjil axis (lonneriy spoken ol! as 
the presence or absence of a rigJil or left vonti’icnlar ])repontler- 
anee) is part of the routine analysis of elect roeardiofrrains. Deviation 
of the electrical axis was foianerly considered reliable evidence of pre- 
ponderating enlargement of (he right or left venfri(de according as 
the deviation was to the right or left. !^[oVe rcccTitly, however, the 
Avork of Cohn* and others, and especially that of Herrmann and 
Wilson,- has shown that the electrical axis may be made to deviate 
from the normal by the position of tbe heart in the thorax, and by 
the manner in which the excitation is conducted through the spe- 
cialized tissue in the ventricles, as Aveil as by change in the relative 
weights of the right and left ventricles, llem’inann and Wilson com- 
pared the electrocardiographic data with the AVoights of the A*on- 
tricles separately dissected po.st-morlem from the remainder of the 
heart. They found (hat dcA'iation of the electrical axis and prepon- 
derating Itypertrophy of right or left Avntricle by this method of 
separate AA'cighing Averc not in agreement except in instances in which 
the dissected mass of the ventricles, not the entire heart. Aveighed in 
excess of 250 grams. In discn.ssing their Avork LcAvi.s^ states that elec- 
trical cuiwcs cannot be read as indicating preponderating hypertrophj' 
of one or the other ventricle unless independent evidence of A^ery 
definite cardiac hypertrophy exists; even so, the lie of the heart and 
the possibility of defective conduction in branches of the A-V bundle 
may need to be taken into account. 

It is mj- opinion, hoAVCA-er, that there is yet a tendency to place too 
much reliance upon a deA'iation of the electrical axis as indicative of 
preponderating hypertro])hy of one or the other A’ontriclc. In AueAV 
of this opinion and the change in the interpretation of the electrical 
curves AAdiich the above-mentioned Avork demands it Avas considered 
desirable to compare the electrical axis AAuth the results of roentgen 
mensuration of the heart. The latter is considei-ed by most clinicians 
as the most reliable method of detecting enlargement of the heart in 
dm liA'ing patient. Accordingly 100 sueccssive cases, examined in the 
Heart Laboratory of the Evans Memorial, Avere selected for checking 

*From the Evans Memorial. 
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of tlie electroeardiograpMc evidence of cardiac liypertropliy irith tlic 
results of roentgen mensuration. All of the roentgen plates wore 
taken at a distance of 6 feet, a suitable distance for teleroentsenoe- 
lapliy. The electrical axis in the electrocardiograms ■was determined 
by the method of Dienaide.^ 


RESULTS 


Number of eases 

100 

1. Agreement 

67 

2. Disagreement 

23 

3. Questionable 

10 


1. In the 67 cases in -which agreement -was found the electrical axis 
and roentgen findings xvere normal in 60, while in 7 cases the electro- 
cardiogram disclosed left axis deviation and the radiograph enlarge- 
ment of the heart, more marked of .the left ventricle. 

2. In the group of 23, in xvhicli the data were at variance, the roent- 
gen findings were normal in 21 although axis deviation xvas present in 
the electrocardiogram; in two patients the reverse conditions were 
found. The angle of the axis in the 21 cases measured as follo\v.s; 
-1° to -9°, 2 eases; -10° to -19°, 7 cases; -20° to -29°, 4 eases; 
-30° to -39°, 3 cases; -40°, 1 case; -57°, 1 case; and -fll5°, -rl25h 
-1-150° in the other 3 eases. 

3. In the group of 10 patients in whom it was open to question 
whether the x-ray and electrocardiographic data pertaining to cardiac 
hypertrophy were in disagreement, the electrical axis was normal ni 
nine and the roentgen findings as follows: symmetrically enlarged, 3; 
enlarged, especially the left avudcle, 1; dilated left auricle, 3; dilated 
right auricle, 1 ; and slightly enlarged auricles, 1. In the tenth case 
the axis measured -12° and the x-ray showed doubtful enlargement, 
with the heart lying more horizontally due to obesity of the patient. 

It is well knoxvu that in electrocardiograms taken of enlarged hearts 
the electrical axis is not deviated to right .or left unless the enlarge- 
ment of the heart is of the type in xvliich either right or left xentYicle 
shows preponderance. Therefore, the normal axis found in the fir;>t 
three of the questionable grou]) merely illustrates a limitation in tl>e 
electrocardiogram. 

In 7 cases the x-ray disclosed enlargement of one or both auriclo.'- 
The P'Xvave in Lead IT in these ca.ses measured 0.15, 0.35, 0.15, 

0.20, 0.25, and 0.28 millivolts, respectively. Only the last two fignr*^' 
are suggestive of auricular hypertrophy. ^ 

There were 18 cases in xvhich enlargement of the heart wa.s disclose 
bv x-ray. In 7 of these cases, left axis deviation was ])rcscnt ; in 2 f i' 
axis xvas normal. In 4 the enlargement was symmetrical so tnai 
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normal axis in the elocirocardiogram conld be predicted, and in the 
remaining 5 cases of this group the roentgen data indicated enlai-ge- 
meut of one or both auricics alone; in tin's last. eases the eleelrioai 
curves are not expected to indicate cardiac enlargcnient. 

Deviation of the electrical axis was present in 2h electrocardio- 
grams, but the roentgen findings indicated enlargement of tlio lieart 
in but 7 cases. In one other there wa.s a questionable enlargcjnenl, 
and in the remaining 21 eases the x-ray examination disedosed a nor- 
mal sized heart. 

If one eliminates the fiO cases in wliicli there wa.s no enlargement 
and the 5 in which tlic enlargement was limited to the auricles, there 
remain 35 eases in which the electrical axis or the roentgen mensura- 
tion indicated enlargement. 7’he percentage of iigreenient of the tu'O 
methods of examination is shown in 'f'ahle 1. 
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This work was repeated sub.stitnting the “Index”'' for tlie electrical 
axis determined hy the method of Dieuaitlc; tlie results were about 
the same by the two melliods. 

.SUMMARY 

Deviation of the electrical axis in the electrocardiogram lias been 
shown to be unreliable evidence of pi-cponderating hypertrophy of 
one or the other ventricle unless the weiglit of the latter exceeds 250 
grams. The po.sitiou of the heart in the thorax and tlie possibility of 
abnormality in the eonduetion of the ijnpnlsc through the bimnclie.s 
of the bundle of His must be considered. 

If the above .slatejncnt.s are correct, it is believed that there is yet 
a tendency to place loo great reliance on the electrical cui'ves in the 
diagnosi.s of preponderating ]iy])ertroj)hy of one or the other ventricle. 

A series of one luindred .sneee.s.siA'e ease.s have been .selected for 
cheeking the electroeardiographic evidence oi' cardiac hyperti’ophy 
with the results of roentgen mensuration. 

The indications of cardiac enlargement, di.sclosecl in the two meth- 
s of examination were found to agree in 67 cases, to disagree in 23, 
to be questionable in the remaining 10. 





226 


THE AJIERICAX HEART JO0RXAL 


In most of tlie cases in wliieli the results were at variance, flie 
numerical value of the electrical axis indicated a deviation to the 
right or left although the x-ray disclosed a normal sized heart. Value.s 
of the axis as far from the normal (0°-90°) as -40°, -57°, +125° awl 
+150° were found iinthis group. 

It has long been known that the electrical curves do not cliseloso 
symmetrical enlargement of the heart; one ventricle must be enlarged 
out of proportion to the other. 

Enlargement of the auricles, as disclosed in a small group of the 
radiographs, was not reliably indicated in the electrocardiograms. 

In 7 of the 9 eases in which the x-ray showed an asymmetrical en- 
largement of the heart the electrocardiogram showed a deviation of 
the electrical axis. 

In but 7 of the 29 instances of axis deviation shown in the electro- 
cardiogram did the roentgen examination disclose an enlarged heart. 

The percentage of disagreement of the two methods of examination 
in the 35 cases in which one or the other indicated cardiac enlarge- 
ment was 77 per cent. 


CONCLUSIONS 

Deviation of the electrical axis in the electrocardiogi’am is an un- 
reliable means of determining preponderating hypertrophy of one or 
the other ventricle. 

The interpretation of the character of the waves in an electrocardio- 
gram as indicative of ventidcular hypertrophy should require confir- 
mation by the results obtained by other methods of examination, 
namety, physical and radiographic. 
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I’LErUAli EKFrf^lOX LOCALIZED IN' AN INTEIU.OLAU Sl'A('E' 
KiToiiT or A Casi; <»r 11 i:ai;t Faiia-im: Toc.imii:!: 'With Arroi-sv 


Dakoiai •!. Sti'-wakt. M.D. 
Nr.w Y«*K'K. N. Y. 


P LEl.'KAL olTusidii iissociiitcd with coiijr<‘stivf ItcaiM rnihirc is ob- 
served very freiinently. but tlie loeoliz.'ition of Unit] in jin inlt'rloltar 
spnec in this stale is very nnnsnal. Tlie recognition of the fuel llnit 
it occurs is inijiortant in the dilTtn-enlia] din^nosis of slnidows seeti in 
tlie x-ray pbotoprajdis of tin* elo'st. It is for lids rt*ason tlial liie ease 
of a patient exbibititip: lids siirn is reported. 


fA.si: t:i;i‘(»KT 


I. r.t (Ho.cjiital Xo. .'Str.'). a P'liittle. ••ixlv fniir years oM. was lirst sulmilfisl to 
hospital on Fobniary 12, 1227, et.iaplaitiinK of sliiirliifs-! of l>ri'at)i ainl a sciisa- 
tiou of oppression over ttw lo'art for si\ nomtlis, ainl oiieina of the le^s for 
five (lays. 

Tho family history was necative. 

l*aKt Jlislorii. — Tlie jnet history was nettative. Slic liad hart only measles, mumps, 
and whooping; conch in ehihlhoi'd. She mwer had acute rheumatic, fever, wuH not 
subject to attacks of tonsillitis, and was well until tin' onset of jiresent illni’ss. 

Present lUnrs-fi, — In Anenst, I'.r.’Ci, the ]i;itient experienced sbortne.ss of breath 
On c.xcrtioii. .Shortly after this slu' bewail to snll’or from palpitation; she went to 
a physician who discovered an affection of the heart, nnd prescribed dicitalis. 
After takinj; llic druK for several wei'ks without exiiericncint; improvement slie dis- 


continued its use. Slie also stojijHal noinc to the physician. Altlioupli site liecame 
progressively worse in tlie next three to four months she diil not eoiisnlt another 
physician until tlirco days lieforc admission to tliis lios]>ital. For six months slie 
Iiad experienced at times a feeling of oppression over tlie jtrceordium. Wlien tliis 
sensation was present, she had to sit nj> in bed to eateli lier lireatli. Five day.s 
before admission she noticed edema of tin* feet for the first time. I taring the 
next two day.s this increased, extending u]) lieyond the knees. Slie tlien ealled 
•I phj'sician. Siic went to bed and was given a milk diet. Allliougli edema de- 
creased very rapidly, her ]iliy,siciau advised remov.'il to this hospital. 

Physical J:,xamiiuilin>t. — 'I’lie patient was n well developed, well-preserved woman. 
She was sliglitly dy.spneic and slightly cyanotic. SIio eonglied occasionally. Tlic 
pupils were regular and equal; tliey reaeted to light and in accommodation normally, 
ilierc was sliglit arcus senilis. There was slight exophtlmlmos. The eye-grounds 
were normal except for sliglit tortuosity of the retinal vessels. All the teeth 
''^cre pr esent except one inolnr. The tonsils were enlarged ami cryptic. There 


N. blo.spitnl of the RocUefeller Institute for McUleal Ito.seareti. Xow Voile, 

TfVe wish to thank lAr. Otto V. Huffninn for referring this patient to ns. 
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B-as no traeheal tug. The veins of the neck n-ere distended. On percussion f!. 
heart was found to be enlarged. The point of maximal impulse was felt in tlio 
sixth interspace, 12.5 cm. from the midsternal line. There wore no tiirills' ami 
no shocks over the preeordium. The rhythm of the heart was regular except for 
occasional ventricular premature contractions; the rate moderately fast. At the 
point of maximal impulse the first sound was reidaced by a soft systolic murmur 
transmitted to the a.xilla, the second sound was faint but clear. Over the base 
the first sound was replaced by a loud rough murmur, the second sound was dear. 
A diastolic murmur could not be licard. The i-adial arteries ucre ihickeiwH 
and sliglitly tortuous. There was- no capillary pulse. There was sliglit c!ui)biiig 
of the fingers. The s.vstolic blood pressure was 124 mm. of mercury and tlic diastolic, 
70 mm. There was slight dullness at the base of the right lung posteriorly, and 
the breath sounds were slightly suppressed. Over both bases posteriorly there were 
many moist bubbling rales extending up as far as the angles of the scapulae. The 
liver was enlarged. There was free fluid in the abdominal cavity, and slight pitting 
edema of the legs and ankles. 

The count of the white blood cells was 7,400. Of these cells 04 per cent were 
polymorphonuclear in form. The count of tlie red blood cells was 4,000,000. The 
oxygen capacity of the venous blood was 7.56 mm., whicli is equivalent to .01.5 per 
cent hemoglobin. The electrocardiogram showed normal sinus rhythm; the con- 
duction tune was normal; left ventricular preponderance was present. The Wasscr- 
mann reaction in the blood wasi negative. There was a very faint trace of albumin 
in the urine; the sediment showed a few leucocytes and epithelial cells on micro- 
scopical examination. After, the patient was free of all signs of heart failure, 
the plienolsulplionephtlialein excretion was 64..S per cent in two hours and t)ic 
Van Slyke inde.x of urea e.xeretion was 37.8. A 2-metor x-rny plate of the ebest 
showed the heart to be enlarged. There was slight clouding at both lung bases. 
On examination of the x-raj' photograph of the chest taken at a distance of 4- 
iiAches, a. shadow was seen in the chest on the right side at the level of the inter- 
lobar line. The shadow' extended to the ribs laterally but was entirely free from 
the shadow east by tlio heart medially (Fig. 1, January 13, 1027). It niousurcd 
5.3 cm. by 5.0 cm. It was sliarply outlined. On physical examination it was not 
possible to detect signs over the area corresponding to the location of this shadon. 

The diagnosis* in this patient was: Eliolopical ; arteriosclerosis; Anatomieni: 
hypertrophy of the heart, chronic myocarditis, mitral iiisufiicieiicy, aortic rougiiening, 
left ventricular preponderance; Physiological ; normal sinus rhythm, vcntricnbir 
premature contractions, congestive heart failure. 

We tliouglit the shadow in the right chest was cast by a localized 
collection of fluid due to heart failure. The patient was admitted to 
hospital on four occasions, and on each of these tlie shadow lyiis 
liresent and appeared to be one of the manifestations of congcsthe 
heart failure. It is with the changes in this shadow that this pap« 
is coneez'iied. 

Course in EospUai.—VJhilc resting in bed and taking 1200 c.e. of fluid :i dn.' 
the edema decreased. At the end of u week, Imwcvcr, Iicr emidition became sta lon- 
ary. She was then given digitan (Merck) 1.0 gm.l within twenty-four hours. l j 
produced changes in the T-waves of the electrocardiogram. There was proi p 

•Tin's cliaffuo.sis conforms to the nomenclature for canUac Oiapno.si.-^ npprowd !>.' 
the Anmrican Heart As.sociation. AM. Heaut. ,Ioun., lfl2G-2.. ii. 202. . 

tone mn of tlic preparation was renuiretl to alter ^bc f-ua'c o 
dioglam anil to reduce the ventricular rate in auricular flbrillation. 
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Mar. 18, 1927 Apr. 7, 1927 

fisure are reproduced x-ray photographs of the chest taken at a 
kiission t° inches. These photographs were taken during the patient's first ad- 
in hospital. The series shows a progressive decrease ifi the size of the siiadow 

ho seen^^^ right side. In the last photograph (April 7, 1927) it can no longer 
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diuresis. In the next three weeks the dyspnea decreased, the edema dis:ippc.iro>l 
the ascites decreased, the rales decreased in number, and llie liver coidd no lonf-H 
be felt. During this time the ^Yeight decreased from 54.2 kg. to 47.7 kg., about half 
of this loss occurring in the course of tlie first four or five days. During fMc 
time the size of the shadow in the right chest did not cliange. 

On the night of Pebruary 8, the patient complained of persistent prceordial 
pain. There were no new signs on pliysieal examination. On the evening of Fdi- 
ruary 9, the temperature rose to 102.4° P. (rectal). She was apprehensive and 
looked ill. She complained of shortness of breath. She coughed. The leucocyte 
count was 6,000. A blood culture taken at this time remained sterile. The sputum 
contained no pathogenic organisms by culture or on mouse inoculation. Tlicrc ms 
no change in the form of the eleetroeardiogram. On Pebruary 10 the temperature 
rose to 103.7° P., but fell again to normal and remained there. An x-ray photo- 
graph taken on February 10 sliowed that the shadow in the right chest had dccrc.isc.l 
very much in size (Pig. 1, Pebruary 10, 1927), and on February 11 (Fig. 1) and 
13 decreased still further. On Pebruary 14 the temperature rose again to 101.4' 
P., and on Pebruary 15 the count of the wliite cells was 11,000. For the next 
txvo weeks tliere xvere occasional slight rises in temperature above normal. On 
Pebruary 15 and 17 the shadow was still smaller. On Pebruary IS the patient 
received digitan, 1.0 gm. within twenty-four hours. This xvas followed by a slight 
decrease in body xveight. By Pebruary 23 she xvas coughing less frequently and 
ascites had disappeared. There were still a few rales at tlie pulmonary bases 
posteriorly. The shadow was seen to be still decreasing in size when photographs 
were made on Pebruary 21, 23, and 26. On Pebruary 28 rales could no longer 
be heard. An x-ray photograph taken on Marcli 3 revealed that the shadow was 
reduced to a narroxv band (Pig. 1). By March 10 the band was still narrower, 
and by April 7 the shadoxv had disappeared. The patient was discharged on April 
9. She was directed to continue taking digitalis and to limit her fluid intake to 
1200 c.c. per day. 

On April 27, the patient returned to the liospital for e.xamination. The shadow 
was again present in the right side of the chest. She had been indulging in mote 
exertion than had been recommended. 

On May 7 the shadow had increased still further in size; the patient was re- 
admitted to the hospital for the second time. Except for enlargement of the liver 
there were no other signs of heart failure. Diuresis occurred promptly when she 
was given digitalis; the size of the shadow became smaller and finally disappeared 
(June 1)'. The patient was discharged. During this admission a rise in temperature 
did not occur. 

On July S the shadow had returned again. Tliere wore no other signs o lenr 
failure except the presence of the shadow. She was advised to eontimic 
digitalis and to limit her activities during tlie summer. On October 14 the siaiow 
was larger. The rhythm of the heart liad changed to rapid auricular fihrj a lom 
She went to bed at home and began taking digitalis. On October IS 
readmitted for the third time. There was slight congestion at the bases ot i 
lungs, the liv'er was enlarged and there was slight edema of the e.v rein 
Auricular fibrillation was still present. The shadow was larger. She ^ 

dieitalis. The volume of urine increased; she became free of the signs o 


gestive heart failure, 
on FTovember S, 


me 01 urine juvjvusuu, — — - , 

!, and the shadow practically disappeared. She loft the hospi . 

The patient was readmitted to the hospital on March G, 1.928, for 
time. Heart failure had proceeded much further tlian on ‘ 

There was marked edema of the extremities extending up to tlm i 
marked ascites, enlargement of the liver, congestion of the u g-i ■ 
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and dyspnea. She had been in this state since January, 1928, but did not rvisli 
to enter the hospital. Auricular fibrillation was still present. X-ray examination 
showed that the shadow was again present. She had been taking digitalis and 
the ventricular rate was moderately slow. She was given 1200 c.c. of fluid per 
day for a few days, but did not improve nor did diuresis occur. She was given 
theocalein (Merck), 4.5 gm. a day. On the second day of its administration diuresis 
began. In nine days she lost more than 7.0 kg.; the diuresis at times was 
more than 3000 c.c. per day. Edema and ascites decreased. There was, however, 
no change in the size of the shadow. Theocalein then became less effective and 
was discontinued. She had not been given digitalis since admission and the 
ventricular rate was more rapid. The administration of digitan, 1.2 gm. within 
twenty-four hours, was followed by decrease in ventricular rate; there was, how- 
ever, no increase in the amount of urine. We continued to give small doses of 
digitalis in order to keep the ventricular rate slow. During the next weeks 
theocalein was given as long as diuresis occurred; when the volume of urine de- 
creased, it was discontinued for a few days. She lost weight and became almost 
free of the signs of congestive heart failure. The patient now exhibited very 
frequent ventricular premature contractions. Later, long paroxysms of ventricular 
paroxysmal tachycardia occurred, while in the intervals between paroxysms there 
were many ventricular premature contractions. Quinidine was given, but frequent 
ventricular premature contractions continued to be present interspersed with long 
runs of ventricular paroxysmal tachycardia. The rapid rate could not be con- 
trolled either by the omission of or by the administration of digitalis. The patient 
grew worse rapidly and died on May 3, 1928. In the x-ray photograph taken on 
April 26, 1928, the shadow was still present and its size was unchanged. 

SUMMARY OP AUTOPSY 

Macroscopical Diagnosis. — Calcification and stenosis of the aortic valves; mal- 
formation of the aortio valves; cardiac hj'pertrophy ; advanced atherosclerosis of 
the aorta; moderate atheromatosis of the aortic cusp of the mitral valve and of 
the coronary vessels; atherosclerosis and infarcts of the kidneys; ascites; edema 
of the legs and intestines; serous pericarditis; serofibrinous pleurisy of the left 
cavity rvith few old adhesions; ohliteration of the right pleural cavity with the 
exception of a small space between the upper and middle, lobes, xohieh luas filled 
vnth serofibrinous fluid; pleural induration over both apices; osteoporosis of the 
sternum. 

Microscopical Diagnosis — Heart: Calcification of the aortic valves; old endo- 
carditis (?) and pericarditis of the left auricle; atheromatosis of the aortic cusp 
of the mitral valve. Aorta : Calcifying atherosclerosis of the intima in the thoracic 
portion and of intima and media in the abdominal portion of the aorta. Eenal 
arteries: Calcifying atherosclerosis. Lungs: Adhesive pleurisy of the right cavity; 
purulofibrinous pleurisy in the space between the right upper and middle lobes; 
serofibrinous pleurisy of the left pleural cavity with purulent lymphangitis; chronic 
passive congestion; arteriosclerosis. Liver: Atrophic induration and chronic pas- 
^10 congestion. Kidneys: Arteriosclerosis; healed infarcts; passive congestion, 
peen. Passive congestion. Adrenals: Passive congestion. Mesenteric lymph 
nodes: Sinus catarrh. 

-^ttentiorL at autopsy naturally centered on tlie right pleural cavity, 
heart was also found to he of especial interest.* The right 

*10 another® description of the heart will be reported more 

■uiuer paper (Ehnch and Stewart). 
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lung was adherent throughout to the parietal pleura (Pig. 2), so tliat 
the right pleural eavity was completely obliterated. To remove tlic 
lung it was necessary to dissect tlie parietal pleura from the cliosi 
wall. The three lobes were adherent to each other, except for a small 
area at the lateral margin between the upper and middle lobes (Fie 
2). This cavity was filled with pale yellow fluid which was slightly 
turbid. This location corresponded to that of the shadow wliicli wa< 



Fig-. 2. — In this Rgure is reproducert a photoprapli of tlio riglit lung on • co ■ ‘ 
is the upper. B, the niicUlle, and C, tlie lower lobe. Tlie space ( P nilln r- 
and middle iobes was filled with fluid. Tiie visceral and parietal plouiac ' 
ent and formed one thick layer A'. 


seen in the x-ray photographs of the chest. On microscopiciil 
nation the pleura of the right lung was thickened and conncclm' 
sue was abundant. It was adherent to the parietal pleura. 1 li< P 
lining the cavity between the upper and middle lobes was llncaju^ 
and contained large numbers of round cells and polymorpliomn: 1“' 
leucocytes. It was covered tvith masses of fibroid tissue in " j 

many polymorphonuclear leucocytes and a smaller numbei o 
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cells. A number of gram-positive cocci were found here, lying partly 
iu couples and partly in chains. 

The heart was very much enlarged. There was atheromatosis of 
the aortic cusp of the mitral valve. There was marked calcification 
of the aortic valves and the aortic opening was almost obstructed by 
large rough calcified masses. 

The lesion of the heart was apparently that of primary atherosclero- 
sis. The right pleural cavity Avas entirely obliterated, Avith the excep- 
tion of a small space betAveen the upper and middle lobes of the right 
lung, Avhich Avas filled Avith fluid. The gross and microscopical exami- 
nation did not throAV light on the etiological process Avhich Avas re- 
sponsible for this state. 

COMMENT 

The shadoAv .iiist described Avas thought to be due to a localized 
collection of pleiu*al efi'usion in congestiA'c heart failure, the fluid 
occupying the space betAveen the upper and middle lobes of the right 
lung. The position in the x-ray photographs corresponded Avith this 
location. Although pleural effusion is one of the most frequent mani- 
festations of congestive heart failure, localizatio)), such as occurred 
in this patient, is rare. The reason for the sharp localization could 
not be definitely knoAvn AvheiA the patient first came AAuder observation. 
The shadoAV could, of course, have been caused only by fluid since it 
disappeared so completely and so quickly and recurred Avitli each at- 
tack of heart failure. Adhesioir of the visceral and parietal layers 
of the plem’a left, it Avas thought, only a sinall fi’ee space betAAmen 
the tAvo lobes in A\dnch fluid could collect. 

When the shadoAv Avas first diseoAwred, it Avas difficult to decide Avhat 
was easting it. The smoothness of its outline and the absence of 
metastatic foci AAmre against its being due to a ncAvgroAvtli. There 
Avas no CAddence of the presence of pulmonary tuberculosis upon Avhieh 
a diagnosis of localized pleurisy A\'ith effusion could be made. The 
x-ray photographs Avere not incompatible Avith a diagnosis of localized 
empyema. There aa^s, Iigaa'cati’, nothing in the past history suggesting 
pulmonary infection Avhich might have had this sequela. In addition 
the disappearance of the shadoAv later and its reappearance Avith each 
attack of heart failure made this diagnosis seem unlikely. That it 
AA'as due to fluid, accumulating during congestive heart failure, seemed 
then to be the most likely diagnosis. It did not seem justifiable at any 
time to aspirate the fluid for examination. The shadcAA”^ first began 
to decrease in size coincident AAuth an attack of precordial pain Avhich 
^'as folloAAmd by feAmr. The tAAm events appeared to be unassociated, 

mugh it AAms, of course, impossible to be certain of it. There Avas 
^ s ig It leucocytosis. During fever the patient had slight persistent 
’ eougi and for this reason respiratory infection had to be considered. 
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X-raj' photo gi-aplis did not disclose evidence of broiicliopRemiionia 
Bacteriological studies were also negative. In spite of the ahseim of 
pericardial friction rub and of changes in the electrocardionraiii. a 
diagnosis of coronary occlusion was made. This was based'on tk 
history of cardiac pain, and the presence of fever and leueocytosis. 

In the second and third admissions lieart failure was not so severe 
as on the first; the shadow disappeared more quickly and without a 
rise in temperature, which occurred, as has akeady been said, coinci- 
dent with its decrease in size during that admission. After observing 
the patient and the changes in the shadow on three ocea.sions it ws? 
thoxight that the shadoxv could only have been cast by fluid, tlie 
presence of which was due to congestive heart failure. That it was 
fluid was definitely settled when the fourth attack of lieart failure 
terminated fatally and the patient came to autojxsy. The prosciice 
of fluid in the interlobar space and the obliteration of the right pleural 
cavity by’ adherence of the visceral and parietal layers of the pleura 
were, just as had been supposed, the pathological conditions. It was 
not possible to discover the underlying pathological process respon- 
sible for complete obliteration of the right pleural cavity. Why it 
occurred in this form rather than in the somewhat more common form 
of dense fibrous bauds also cannot be explained. Tlie patient did not 
recall having had an illness before the onset of the present one. The 
adhesion of the two laj’ers of the pleura must already have occurred 
before the onset of the first attack of heart failure, since the shadow 
was discovered a few days after its onset. 

Between the second and third admission the mechanism of the heart 
changed to anzdcular fibrillation. Because of enlargement of the heart, 
it seemed unwise to attempt to restore the normal rhythm with 
qninidine. After each attack of heart failure from which the patient 
recovered she found it necessary to lead life on a slightly lower level. 


At the time of the first admission the area of the heart (traced frmii 
x-ray photographs taken at a distance of 2 meters) measured la- J' 
sq. cm., and on discharge 132.5 sq. cm., a decrease in size of 14 per cent 
having taken place. The maximum and the minimum sizes of the heart 
during this admission were 175.0 sq. cm. (February 4. 1927) and 
sq. cm. (April 1, 1927) .respectively. At the time of the second admis- 
sion tlie area of the heart was 171.6 sq. cm., and on discharge, 141.4 .«!• 
cm., that is to say a decrease of 16 per cent occurred. The heart 
mained, however, larger than it was at the time of the find, discharge 
(132.5 sq. cm.). At the time of the third admission the area of the hear 
was 169.7 sq. cm., and on discharge, 14S.4 sq. cm., a decrease of pd 
cent. The heart was again larger than it had been when ihe patient u.i.^ 
discliarged the fii’st and second times. At the time of the fourt i < ^ 
mission, March 6, 1928, the area was 257.S sq. cm. and the .sina t-' 
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recorded was 150.2 sq, cm. (April d, 1928). Jii the last photograph 
taken on A])ril 2(). 1928, it was lOO.S sq. cm. 

In .sliulying Ihe clinical conr.so of llie palicnt ilu; rapidity with 
which the disease ran its course is striking, itciovc the first attack 
the patient had a few sym])to]ns of congestive failnre for six months, 
but afterward there wore d attack.s within eleven months. The last 
attack terminated fatally, fifteen months after onset and twenty-one 
months after the ones! of the fir.st cardiac .symidoms. During fifteen 
months slie was eonfinod to lio.spital ap])roximat(?ly six and a lialf 
months, and recovered sati.sfacforily from each of the first three attacks. 


SUMMAKY 

A case is presented in which during each of -1 attacks of congestive 
heart failnre a shadow was ob.served in x-ray photographs of the chest, 
the shadow seeming to occupy the space between the upper and middle 
lobes of the right, lung. The shadow was thought to he east by fluid, 
the amount being too small to give signs tni phy.sical examiiiation. 
IVith disappearance of signs of heart failnre the shadow also disap- 
peared. The patient succumbed to the fourth attack of failure and 
autopsy examination revealed (as we bad snp])Osed it would) a small 
pleural effusion confined to the space between the upper and middle 
lobes of the right lung, adhc.sive ])lcurisy completely obliterating the 
remainder of the right pleural cavity. The etiology of the adhesive 
pleurisy was not discovered. The etiology of the heart disease was 
apparently primary atherosclerosis. 
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Haberlandt, L.: Preparation and Demonstration of the Heart Hormone. H.IK 

d. Biol. Arbeils metli., 192S, Section 5, Part 8, Heft 2, p. 237. 

The author prepares his heart hormone by immersing the sinus venosus and groat 
veins of two frogs (Eena Esculenta) in 1 c.e. of Einger’s solution. Tlie extract 
may be equally obtained from the sinus node or tiie A-V bundle. Wlien perfn.seil 
through the isolated frog’s ventricle by Straub’s cannula, acceleration and increased 
amplitude of the beat will occur if the heart is hypo-dynamic or if it lias stopped, 
pulsations xvill be initiated. 

The extract employed differed from the accelerator material described by Loewi 
in not being destroyed by fluoreseeiiee or ultraviolet light. It does not rcsemhle 
adrenalin as it produces vasodilation rather than vasoconstriction. The hormone 
may be extracted with alcohol, less easily with chloroform and not .at all with ctlier. 
The aqueous extract seems to be the more suitable. The hormone is heat rcsist.aiit 
and is adsorbed by charcoal. 

Similar work done on warm blooded animals shows that an extract prepared in 
Locke’s solution from the riglit auricle in dogs produced an increase in the numher 
and amplitude of beats in rabbits’ hearts. 

The hormone does not seem to be genus speciiic and ma.v be obtained from the 
entire conducting system of the heart. Tire author quotes the work of Eyland ami 
De Moor, Kemal, Mouchet and others, who have worked on similar lines. 


Cohn, Alfred E., and Stewart, Harold J.: The Relation Between Cardiac Size 
and Cardiac Output per Minute Following the Administration of Digitalis in 
Normal Dogs. Jour. Clin. Invest., 1928, vi, 53. 


Following the administration of digitalis in normal dogs in so-called tiierapoutic 
amounts, the following effects were observed: the form of tlie T-wnvc in il'c 
electroeardiogi'ani changed; cardiac output as determined by the principle of Ikl'' 
was decreased; the size of the heart decreased, and tlie height of vcntriciilnf 
excursions increased. These excursions were determined by the authors’ inclhoii 
of photographing the motion of points of tlie hearts ’ borders by easting shadow, 
of these points made by roentgen rays upon moving films. 

When digitalis was excreted all these measurements returned toward nomw . 
The cardiac output often became greater than tlie initial value. 

The authors conclude that digitalis within tlie first twenty-four liours 
the output. The cardiac output whicli obtains at any later instant is the net ^c^u^ 
of the workings of two opposing factors. The first of these effects increases can 
tone and results in decrease in the size of the heart. It is due to this action 
cardiac output tends to decrease. The second effect increases ventricular 
and tends to increase cardiac output. If cardiac size is not smaller tlian a crijn^ 
value, increase in ventricular contraction overbalances decrease in size so that 
output increases beyond the beginning value. 
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Cohn, Alfred E. and Stewart, Harold J.: The Relation Between Cardiac Size 
and Cardiac Ontpnt per Minute Following the Administration of Digitalis In 
Dogs in Wliich the Heart is Enlarged. .Tour. Clin. Invest., vi, 7t>. 

The author.s liavo stmliod the efTeet of digitalis upon the e.avdiac ont)>nt, eavdiae 
size, and ventricular contniotion of dogs with enlarged he.'irts, but without signs 
of heart failure. 

The efTeet of digit.alis on fhe.se hearts is the .same whetlier tlie.v are normal in 
size or enlarged. They point out that it is still lU’cessary to learn whether enlarge- 
ment re.sulting from meehanieal embarrassment retpiires difl'erentiation from enlarge- 
ment due to underlying disease in which edein:i is a eonspieiious jihenomenon. 

Smith, W. Carter, Bnrwcll, C. Sidney, and DcVltc, Michael J.: The Effect of 
Atropine Upon the Output of the Hearts of Normal Men. .Tour. Clin. Invest., 
3f)2S, vi, 2 : 17 . 

Atropine administered intravenously to norm.al men increases the rate of the 
heart relatively much more than the output of the heart ])cr minute and thus 
produces a diminution in the out)nvt of the heart per beat. There is -.i relatively 
small rise in cardiac mit])nt jier minute and no change in jnilse jire.ssiire in metabolic 
rate following the use of the drug. 

The absence of constant changes in the blood jnessnre levels indicates the extra- 
ordinary adjustability of a circul.-itory nieelninism which c:in suffer a large sudden 
incrca.se in ]mmping strokes jter minute without alteration of )iressure. Indeed it 
appears that heart rate, cardiac outimt, or blood jiressnre may change within limits, 
without involving each other, so ])erfect and instant are the comj)ens.'itory mechanisms. 

Burwell, C. Sidney, and Robinson, G. Canby: A Note on the Cardiac Output of 
a Single Individual Observed Over a Period of Five Years. .Tour. Clin. Invest,, 
1928, vi, 247. 

In ]!t24 the authors reported the results of a study of the outjmt of the heart 
in normal resting adults and at that time noted that two of the s\ib.iects differed 
in the degree of variation exhibited by their cardiac outjmt .at different times but 
under identical circmustuuces. In one of the subjects live measuvcmei\ts scattered 
over a year v.ariod only from ,8700 to 20(50 c.c. jjer minute. 

The first group of measurements on this subject was made by the authors’ 
method. Since that time a second series of determinations liavc been made by 
the method of Bock, Field, Gildea and Lathrop. The output of the heart remained 
lelatively unchanged throughout the whole jicriod. This general agreement con- 
stituted not only a demonstration of the degree of jicrfection of physiological 
regulation but also impressive evidence of the agreement in this subject of two 
quite different methods of measuring the outjmt of the heart. 

Markel, Albert G., and Pardee, Harold E. B.: The Correlation of Electrocardio- 
graphic and Necropsy Findings. Am. .Tour. Med. Sc., 1928, clxxvi, 479. 

The object of this investigation is an .attempt to correlate the form of the 
'eiitrieular waves of the electrocardiogram with the condition of the heart at 
necropsy, ^Por this purpose, a study was made of a scries of 10 cases in the wards 
York Hospital. Tw’o cases arc presented with microscopically 
^ ima muscle and no significant abnormality of the electrocardiogram. Evidence 
a so presented that a curve showing notched (JBS complexes with a slightly 



238 


THE AMERICAN HEART JOURNAL 


abnomal duration and an abnomal T-wave represents the definite nucro^c,.!- 
abnormality but one less severe than indicated by the curves of biiudle-brnncl. l.t-’ 
or intraventricular block. 


Birkhaug, Konrad E,: Allergic Eeactions with a Toxin-Producing Strain of tit 
Nonmethemoglobin-Forming Streptococcus Isolated from Kheumatic Fever 

Jour. Infect. Dis., 192S, xliii, 280. 

Guinea pigs and rabbits sensitized to the non-niethemogiobin-forming streptococcu' 
isolated from rheumatic fever may be rendered eutaneously hypersensitive to fDtrattj 
of cultures of this organism. A brief period of specificity in tlie sensitive st.ifi’ 
is recorded. This period is shortly followed by a sensitive state that is noa- 
specific. During this phase of the cutaneous ■ reactions, tlie allergenie propfrSr 
of the filtrate can be nullified completely with specific antiserums. After the end 
of the cutaneous allergy of this first phase, continued sensitization of the nnininls 
with living non-methemoglobin-foiming streptococci produces the reappearance of 
cutaneous allergy. During the second phase, the reactions of allergy are nonspecific 
and the allergic principle of the filtrate is nonneutralizable with specific antiseriinu. 
For this phase, filtrates heated at 98° C. for fonr hours are not inactivated as 
allergic substances. Heterogeneity in the cutaneous responses of patients with 
rheumatic fever to filtrates of the non-methemoglobin-forniing streptococcus and to 
certain strains of Streptococcus viridans might be explained on the basis of pro- 
longed sensitization to any one dominant strain of the non-hemolytic streptococci. 
Desensitization of baeterially hyperallergic guinea pigs and rabbits was accom- 
plished during the second pliase of cutaneous allergy by intracardial or iiitravcnmi' 
injections of bacterial filtrates. 


Fischer, Eobert: Clinical Studies of Paroxysmal Tachycardia and Parasystole. 

Wien. Arch, f. Klin. Med., 1928, xvi, 137. 

In this paper an attempt was made to analyze two rare cases of tachycardia. In 
the first case of decompensated hypertension the p.aro.vysnial tachycardi.a was earned 
by a reciprocal rhythm. Superventrieular extrasystoles producing the attack caused 
a delay in conduction and a longitudinal dissociation in the Ilis bundle allowing tlic 
normal impulse to return to the auricle from where a new impulse readies tlw 
ventricle. Parasjunpathetie stimulation stopped this mechanism especially tow.ard 
the end of the attack, so that longer periods of normal heart rliythm were prcsOiJ 

The second case showed a marked hypertropliy of tlie left ventricle and a cerl.iu' 
number of extrasystoles alternated regularly with 2 normal systoles. Tlic n-imc 
“ interinittierende tachycardie^’ was given to this condition. The case was ana >zc^ 
according to the method of Kaufmann and Eothherger and the possible e-vpl-*”-'’ 
for this phenomenon were discussed. 


Bliimgart, Herrmann L., and Weiss, Soma: Clinical Studies on tlm ^ , 

Blood Flow. XL The Pulmonary Circulation Time, the Minute Volume 
Flow Through the Lungs, and the Quantity of Blood in the Lung . 


Clin. Invest., 1928, vi, 103. 

Measurements of both the minute volume flow through the lungs 
pulmonary circulation time h.ave been made in 17 normal persons am le . 
amount of the blood in the lungs has been calculated. The average . ^ 
amount of blood in the lungs was 9S4 e.c. or .approxinmfely 21 
blood volume. The quantity varies considerably in different jndivn u.'i s. 

The results indicate that the pulmonary circulation time is an im e. 
time consumed by the blood flow through the l«ng.s. 
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The observations suggest that iii normal persons the available pulmonary pathways 
are approximately equal. 

Normal variations in the pulmonary eireulalioii time arc not related to correspond- 
ing normal variations in the minute volume blood flow through the lungs. 

Chadwick, E. Taylor.: The Leviilose Tolerance of Convalescent Children with 

Special Keference to Bheumatisni. Arch. Dis. Cliildbood, 1928, iii, 179. 

Levulose tolerance tests were done in .a group of 35 children, 9 of whom were 
regarded as controls. The remaining 26 were rheumatic and were grouped accord- 
ing to the presence or absence of a heart lesion and according as to whether the 
process was active or quiescent. 

The dose of levulose used varied between 20 lo 30 gm. and the Ilagcdorn- Jensen 
method of estimating the blood sugar was used. 

The control cases which were -well showed cither no change or a very slight rise 
in the blood sugar. The same occurred in cases of chorea who did not liave cardiac 
involvement. 

Levulose intolerance was demonstrable in cases of chorea with heart involvement 
and in acute rheumatic fever whether carditis was or was not present. With recovery 
the tolerance improved. 

This intolerance is thought probably to be due to toxic absorption from a 
rheumatic focus. 

Poynton, F. J., and Sheldon, W, P. H.: Coarctation of the Aorta with Ulcera- 
tive Aortitis. Arch. Dis. Childhood, 1928, iii, 191. 

The authors report a ease of coarctation of the adult type occurring in a boy 
of eight years. On examination a s 3 'stolic murmur was audible loudest in the third 
and fourth intercostal spaces midway between sternal edge and right nipple; a 
large pulsating external mammary artery was present and blood culture showed a 
hemotytic streptococcus. 

At autopsy the heart was slightl.y enlarged and the constriction in the aorta 
occurred just bejmnd the origin of the subclavian artery and beyond this an ulcer 
was preseirt. 

Other anomalies present included a bicuspid aortic valve and a common origin 
of the innominate and left common carotid arteries. The ductus arteriosus as in 
most cases of the adult form of the condition was closed. 

The authors review 4 other cases of coarctation from the literature where an 
infectious aortitis was fatal. 

Eosler, H.: Contributions to the Conception of Congenital Heart Disease. 1. 

X-ray Findings in Congenital Malformations of the Heart and the Vessels. 

Wien. Arch. f. Inn. Med., 1928, xxv, 487. 

The author shows that positive x-raj’^ findings were obtained in about 85 per cent 
of the 68 cases under his observation. In 50 per cent of these cases the x-ray picture 
was of definite value for the diagnosis of a malformation. 

Eosler, H. L.: Contributions to the Conception of Congenital Heart Disease. 2. 

Investigation on the Etiology. Wien. Arch. f. Inn. Med., 1928, xxv, 495. 

Sixty cases were followed up from this point of view. Thirty-two were male, 

8 female. In none of these cases could a familial occurrence of congenital heart 

isease be found. In 7 eases there was positive evidence of rheumatic heart disease 
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m the family. Trauma, physical or mental disease of tl.e parents durum colnhit- 
ion or pregnancy did not contribute to the frequency of tl,e malformations.' rt. 
toxic effects of alcohol ivere tliouglit responsible in 8 cases, but tlio amount of 
material was so small that the figures are Avithin the limits of statistical error 
The same was true for cases in which consanguinity of the parents was founi 
(6 cases.) A relation betw-een congenital Ines and congenital heart diso.ase eonl,i 
not be established. 


Rosier, H.: Contributions to the Conception of Congenital Heart Disease, s. 
Observations on a Case of Pulmonary Stenosis. Wien. Arch f. Inn Mci 
1928, XXV, 507, ' * 

The author gives an extensive report of the clinical, radiological and post- 
mortem findings in a ease in which the diagnosis liad been made of pulmonarr 
stenosis combined with defect of the interventricular septum. The autopsy slmwcd 
that the stenosis of the pulmonary artery w.as caused by a diaphragm below ttif 
level of the i^alves ivith fJie remains of an old endocarditis. Other malfovmntiwis 
present included eongeiiital luxation of the liip and anomalous cervical vcrtchmc. 
An aiialj'sis of the discrepancies between clinical and autopsy observations Wiis 
made. 


Rosier, H.: Contributions to the Conception of Congenital Heart Disease. 1 
Observations in Two Cases of Stenosis of the Isthmus of the Aorta. Wien, 
Arch. f. Inn. Med., 1928, xxv, 521. 

Two typical eases of stenosis of the isthmus of the aorta, one of which could 
be confirmed by autopsy are described and the clinical radiological and nuatomicni 
picture of the condition is discussed. 


Fleming, G. B., and Stevenson, Mary M.: Heart Block Associated with Con- 
genital Malformation of the Heart. Arch. Dis. Childhood, 1928, iii, 221. 

The authors report two e.ases of heart block associated with congenital mnlfotiua- 
tion of the heart. 

The first case Avas a male child of three and one-half years. T))C classical 
sjunpioms of congenital heart disease Avere not present but tlie heart Awas enlarged, 
a systolic murmur being audible OA-er the precordium and transmitted to the axilla 
and right shoulder. The pulse vai'ied between 30 and CO and tlje electrocardiogram 
showed a complete and permanent auricular ventricular dissociation, the auricles 
beating between SO and 125 and the ventricles betAveen 35 and 50. The block "as 
unaffected by atropine, advcnaliu and exertion. 

The second case is that of n girl eight yc.ars of age, avIio showed mental .and 
physical retardation. Cyanosis, clubbing and polycythemia were present and faint- 
ing spells were frequent. The heart AA-as enlarged. A systolic murmur was prcsca 
oA'er the precordium especially loud in the left third intercostal space and tr.insmiltc 
to the left third intercostal space and transmitted to the left clavicle and ^ 
The “Q” Avavo AA-as present. None of the measures attempted abolished the ioa" 
but after exertion rcgulnr ectopic beats folloAA'cd each normal beat, and during 
compensator}' pause, the blocked auricular beat awis AisiWe. 

The authors discuss the pathology and state that the block per so causes HH o 
disability, any syauptoms present being due to the presence of other niiom.i |(•‘l• 
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Lamparcl, M. E.; Heart Block Associated •with CouRcnital Heart Disease. Arch. 

Dis. Chihlhood. ]<12S. iii. 1112. 

The author reports a ease of complete heart hlnek in !i hoy of six year.s. The 
eoiijzeiHtal nature of tiie lesion was surmised, !iltIiou|i;h the autlior mentions liic 
possibility of diplitheritie origin. The lieart was onlarned and globular in shape, 
the ventricular rate lu'ing •1'^, the auricular 7~>. The Idood jiressure measured ]](> 
sy.stolie and f>4 diastolic. .\ thrill atnl murmur were present over the pulmonic area 
and a diastolic bruit was later audible over the juceordium. Xo clubliing, oyat\osis 
or polycythemia rvere prestnil. 

The author summarizes the thirty ea-'cs reported in tin* liter.ature and discusses 
the probable pathology of the condition. He eoncluiies that the lesion is juaibably 
due, not so much to :i hole in the ventrieuhir seplnm but to the presimce of librous 
tissue causing jtressure on the llis bundle. When the bumlle runs on the eiige of 
the septal defect it may be dam.aged by infection'' iirocc-ses. 

White, Paul D.: The Effect of Str.aln on the Heart. Xew ling. .Tour. Med.. l!t2S, 

exeix, ,*'01. 

In a discussion of this jmporf.ant subject the nnihor divides heart strain :is due 
to intrinsic or extrinsic factors. The intrinsic f.actors consist of structural defects 
or lesions in the heart and disorders of rhythm. The extrinsic faetor.s eatising 
heart strain are of far Ir-^s imi>ortance thati the intrinsic ones with two exceptions. 
These exceptions ate hypertension ami bypertbvroidism. 

These various jaunts are discussed from a very eonscrv.ative viewpoint ami slionld 
prove of value in furtheiing our iileas as to what may be exju'clcd in an individual 
patient eoiujdaining of symptoms from his heart. 

Zlskin. Thomas: The Elcctrocardlogr.'uu in Hypertension. .Vreh. Int. Med., V.'2S, 

xlii, 'll 2. 

A study was made of Jtm consecutive patients with hyjiertensiou to determine 
the significance, of electrocardiograjihie observ.ations in liyjiertensive he.art disea.se. 
Sixt_v-thrce of these jiatients showed some abnormality. These consisted of 
cxtrasystoles, delay in conduction, inversion in T-wave and eviilenee of left ventricular 
preponderance. The signs of left ventricular jirejionderance were present in only 
■H of the 100 patient.s. 

The author has investigated factors that determine the ajtjiearance of these signs 
of ventricular preiiotideranee in jtatients with liyjiertensive heart disease. 

Christian, Henry A.: Chronic Nonvalvular Disease of the Heart. .Tour. Am. 

Med. Assn., 1028, xci, a tO. 

fhe author discusses chronic nonvalvular disease of the heart in eontra.st to 
chronic valvular he.'irl disease in jiatienls with symjitoms of cardiac der.angement 
m nhoiii study does not reveal evidence of any lesions of the endoenTdinm or 
pcnc.ardium. He jinints oiil that the myocardium is respousilde in a great many 
patients for tlie sym]»toms of cardiac failure oven though the musele itself .seems 
aorinalh nourished and devoid of evidences of degeneration or inflammation. 

Chronic myocardi.al insufiiciene.y or chronic myoe.'irditis is .a very seriou.s di.sabling 
(iseasc of tlie heart and along with myocardial fatigue wo find in this paper is the 
cause of cardiac symptoms in an extremely large proportion of cardiac patients. 

Tins paper will be welcome to those physicians who find large numbers of jnitients 

0 thi.s type in their practice. Various fcnlnros of this imjiortanl condition arc dis- 
cussed. 



242 


THE AMERICAN HEART JOURNAL 


Howard, C. P., and Mills, E. S.: Acute Articular Rheiunatism and Other Mm 
bers of the Rheumatic Cycle. Ganad. IMccl. Assn. Jour., 1928, xix-, .103. ^ 

The authors have studied a group of 241 patients admitted to the Montrc.nl Gener,! 
Hospital for acute articular rheumatism or its complications during three ve.-us 

time. ^ This group of patients represents a per cent of the total admissions rtmi,,.- 
this time. • 

Arthritis occurred in 55.7 per cent under observation tliougli tliere was a historv 
of artliritis at some period of the disease in SO per cent. Of the cardiac ninnifcstii- 
tions, there was an acute or chronic endocarditis in G8 per cent, myocarditis in i\ 
per cent and pericarditis in 17 per cent. Tonsillitis occurred in 40 per cent; aento 
or chronic pleurisy was surprisingly frequent, occurring in 15.3 per cent! The 
average hospital stay of the patient was six weeks. 20 per cent were discharged .ns 
cured, 64 per cent as improved and 5 per cent as unimproved. There was a mort.nlity 
of 9 per cent. 


Barr, David P. 
1354. 


Exercise in Cardiac Disease. Jour. Am. ]\Icd. Assn., 1928, xci, 


The author empliasizes several principles wliich have a bearing on oiir conception 
of exercise in cardiac disease, reviewing the literature of our present knowledge. 

In the study of muscular exertion two kinds of inadequacy must be considered 
separately, Tlie first of these is a failure to supply the tissues with sufficient blood 
and oxygen. This may occur in any person at all, from the most highly trained 
athlete to the severelj' decompensated cardiac patient, but with dift’orent amonnts 
of work. Whenever it occurs there is an oxygen debt, an accmnulivtiou of lactic 
acid and an exaggerated pulmonary response. Intrinsically it docs not imply .my 
abnormality, or cardiac weakness. The second form may be designated eonge.siivc 
heart failure and arises because the cardiac output does not keep pace with tlic 
inflow of blood to the heart. It is usually if not always dependent on inyoenrdial 
insufficiency or disease. It occurs earlier and with less exertion when a mcehauicid 
factor, such as mitral stenosis, is also present. 

In normal persons, exercise may be attempted in which sufllciciit siipiily of blood 
and oxygen to the tissues is impossible. Congestive cardiac failure, however, does 
not occur because respiratory factors limit the exercise before the maximum cardiac 
response lias been attained. The patient with heart disease incurs an oxygen debt 
from more trivial causes. Dyspnea occurs earlier and is more severe. As in norin.d 
persons, the lungs may be the limiting factor and may protect the heart. The 
protection, however, may be insufficient and congestive heart failure may result. 

In both normal persons and cardiac patients, dyspnea is the greatest safeguard 
against the possibility of lieart strain and cardiac failure. Patient.s who ha™ 
mechanical factors such as mitral stenosis have greater dyspnea and are mon 
protected than those patients in whom this factor is absent. In patients wit * 
syphilitic disease of the aortic valve, with chronic hypertension and perhaps wi* ' 
myocardial defects, it may not be safe to accept dyspnea as the warning .sigind or 
the control of exercise. The observance of other symptoms or, iiKlcccl, .in pn ir'. 
■bitrary limitation of exertion may be necessary to furnish snfiiciciit profcctimi. 
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Levine, Samuel A., Fulton, Marshall N.: The Relation of Hypertension to Mitral 
Stenosis. Am. Jour. Med. Sc., 1928, clxxvi, 40;). 


To confirm an impression that patients with mitral stenosis oi 


,-cr the aitc 


of 


forty -five years commonly have au elevated blood pressure, the 


authors have stmlW' 


762 cases of mitral stenosis 


is admitted to the nvards of the Peter Bmt BrigM-m 
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Hospital, lichvccn lOia aiul 1027 nixl thoso slhmi in privato practice dnrinc the 
past eight vears. The eases have heon divided arbitrarily according to age, as those 
over or under forty-five years. As tliose with hypertension, all eases having a systolic 
pressure of lO.! nun. or over and a diastoHe of 00 mm. or over have been included. 
Only those cases have been included in which tlie mitral valve alone was involved. 
Only cases were included in the hypertensive grou]i in which the jihysical findings 
during life were suflicient to make a diagno.sis of mitral stenosis (|uit(‘ certain. 

Of the total of 7(12 cases, l.'iti, 21 jier cent were over forty-live years of age. 
Onlv 17 of these were examined after death. They all showed delinite mitral 
stenosis, some with a mere en'seentie slit, others with a less marked degree. 

The study of these cases seems to indicate that with advancing years patients 
with mitral stenosis hav(> vascular hypertension with much greater frequmicy than 
the average jiojnilation. Out of lab cases there were '.'2 or ])i‘r cent with hyper- 
tension. Alitral stenosis of itself tends to have a blood ]ires‘<ure slightly lower tli.'in 
normal. Evidence is presented from the stmly that the mitral stenosis fotmd in older 
patients is not a part of the gener.al scIeroti<‘ jwoccss abme. but nmst be rheumatic, 
in origin in as much as these patients have the same incidence of a previous history 
of rheumatic fever or chorea as do the yimnger jiatieuts. 

The authors feel the unusual assoidation of hypertension with mitral stenosis 
vciuilts from a particular vulneraldlity that thcsi' jiatieuts have both for the in- 
fectious and degenerative types of vascular disease. 

There is some evidence from this study to show that vascular hyperteusiou 
e.verciscs a boncficitil effect on ctisos of mitral stenosis. This eau be exjdaiued on 
the basis that the increased load on the left venlriele as a result of the hyiiertension 
tends to keep this cavity dilated and to streteli the mitral ring attd thereby to delay 
the contraetioii resulting from the mitnil stenosis. It .also teinls to obvinlo tin* im- 
balance of the two ventricles. 

Schneior, Joseph: The Indications for Tonsillectomy in Arthritis and So-c.illcd 

Rheumatic Diseases. AVien. Areh. f. Klin. Med.. lb2S. xvi. 11!). 

In .'59 (aises of actite rlieumalic fever in adults followed over .a ])erit)d of from 
two to .sixteen years after tonsilleetomy, .'II were cured. In seentidary ehronie 
arthritis (arthritis and myalgia following acute Thetmi.atie. fever) out of .111 oases. 
18 were cured, 10 imjiroved and 1." did not show inijirovement. In all tlu' other 
forms of “so-called” rheumatic disease tonsilleetomy did not improve the condition. 

The author proposes to do a tonsillectomy .after the acute st.age in .aeuto rheumatic 
fcAcr and in secondary chroni(! arthritis independent of the clinical a))]iearanee of 
tho tonsils. 


Rarnum, Waldo B.: The Effect of Tonsillectomy on Existing Cardiac Disease in 
Adults. Am. .Tour, of Afod. Sc.. 192S, elxxvi, -17-1. 

Tins study has particularly to do witli the results of toiisilicclomy on a pre- 
e.visting endocarditis. The eases used for the invest igiit ion were 520 patients followed 
’>1 the .adult cardiac clinic at St. Luke’s llosiiital, New York for from two weeks 
0 nine 3 'ear.s. Tlic author concludes that tousillectomj’ although carried out under 
as nearly ideal conditions as may be obtained m.aj' initiate an attaelc of .acute 
> leumatic polyartliritis in a certain number of ease.s, and further .an actual spread 
0 endocardial or myocardial infection. 

The recurrence of sore throat may not be avoided since infection elsewhere in 
nasopliarj’nx may recur. Witli these recurrences, tbero may bo oftentimc.s attacks 
acute ihcumatic polyartliritis and renewed cardiac involvement. Tonsilleetomj’ 
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in this group of cases does not seem to l.ave a very great effect on the recnrn^- 
of chorea, as about 20 per cent recurred in both the tonsillectomized and }),o 
toasillectomized. '• 

It seems fazr to conclude from tliese observations tliat in adults with oxisiir- 
cardiac disease the hope for improvement placed in tonsillectomy has not hH 
certain. If tonsillectomy is to be generally used in the future ns a (Iffini-l 
therapeutic measure in cardiac disease, its best result ivill be obtained heforo tt- 
incidence of heart infection or very early in its course. 

The author points out that carditis is but one phase of a generalized iafodi'"; 
spoken of as rheumatic fever. Tlie tonsils may, or may not, be the existing fwli 
which keeps up this infection. If the tonsillectomy is accoinplishcd after ti-- 
onset of carditis it will not necessarily prevent further recurrences because t!,-; 
cause of the infection may still be present in the throat or elsewhere in tlie bolx. 
The preventive treatment should be based on tlie raising of the individual’s rosist.-uKe 
to infection by all possible means. 


Freund, Ernst: Eheiimatic Nodules in Chronic Polyarthritis. Wien. Arch. f. 

Klin. Med., 1928, xxvi, 73. 

Discussing the clinical and anatomical appearance of rheumatic nodules in acatc 
rheumatic fever and primary chronic arthritis with their mmieroiis analogies tic 
author feels that n-e are not able to determine the etiology of both diseases. 

The anatomical and bacteriological study of six eases of chronic arthritis slmiwi 
certain analogies anatomically with the subcutaneous nodules of rheumatic fever lw*> 
the author was unable to isolate any organisms. 

His findings are tlierefore inconclusive in determining wlicthcr both diseases have 
a similar etiology. 


Bourne, Geoffrey: Notes on a Case of Heart Block Whose Grade was Decreased 
by an Inspiratory Increase in Sympathetic Tone. St. Barts. Hosp. Roi'crt?, 
1928, Ixi, 14G. 


The author reports a case of 2:1 heart block occurring in a woman wit!; 
exophthalmie goitre. On observation, it was noted that an inspiratory deeren'f 
in the block occurred and that for a few beats a 1:1 rhythm was present. 

To discover wliether this phenomenon was due to vagal inhiliition, syiiipatlich 
stimulation or tlie result of increased heart filling various tests were tried. 

Tlie influence of the vagus was investigated by giving atropine and pilncarpira. 
With the former drug tlie respiratory reflex was more pronounced, with the Intlfa 
it was abolished, but no decrease in the amount of the block was observed, Ocid J 
and vagal pressure was ineffective. Tlie effect of stimulation of the 
was investigated by noting the effect of adrenalin, exorcise and psychical cxfitcc'f”^ 
It was found that adrenalin temporarily abolished tiic block and that emotion 
to have a similar transient effect. Exercise did not change tlie inspiratory 
decreasing effect. No effect on the degree of block was obtained wiicii the if-'' 
was overfilled by pressure on the patient’s abdomen. Tlie respiratory reflex 
The author concludes that the respiratory effect is due to an mercaso m 
sympathetic tone occurring during inspiration. 


The Treatment of Rheumatic Carditis. 


The Lancet, 


Atiri'' 


Bourne, Geoffrey; 

4, 1928, 217. _ 

The author summarizes the physical signs of active cardiac infection in 
children. He emphasizes the need for prolonged bed rest, m .such ca.ccs. > ^ ^ 

if diseased are removed. The criteria of tonsillar disense include the Ins o . 
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throats, the presence of cervical lyniphacicnitis and the appearance of the tonsils 
themselves. The dangers of tonsillectomy during the active stages of the disease 
are stressed. 

Salicylates by mouth and a gargle of potassium permanganate arc recommended. 
No encouraging results have been obtained from the use of vaccines, from intra- 
venous disinfectants or from artificial sunlight. 


Wiechowski, W.: Treatment of Cardiac Syncope. Wien. Klin. Wchnsebr., 1928, 

xli, 475. 

The author discusses (he different forms of cardiac syncope due to injury to the 
heart, peripheral circulation or nervous system, lie reviews briefly the methods 
which have been employed to test the ofTcet of drugs on the circulatory system. 
According to Wiechowski, the eft’cet of drugs can best be judged from their effect 
on the minute volume, lie and his coworkers have investigated the following sub- 
stances: camphor, digitalis, caffein, adrenalin and three new drugs with an effect 
analogous to c-miphor: Kardiazol, Coranin and lloxcton. The results of this work 
have already been published. Caffeine and adrenalin alone are reliable in producing 
an increase in the normal minute volume of the heart. In agreement with the find- 
ings of Winterberg and American investigators camphor has very little direct effect 
on the heart and the vasomotor center, while the three drugs mentioned above 
stimulate the vasomotor center. Indirectly, camphor excreted in the lungs may 
produce here a dilatation of the vessels and the bronchioles and may thus have an 
indirect action on the heart. 

For the practitioner cafl’ein should be the drug used in all kinds of circulatory 
collapse both for its direct effect on the minute volume and for its dilatation of the 
peripheral vessels. After the heart has stopped beating, intrnenrdial injection of 
caffeine is indicated. The use of adrenalin is limited because it forces a weakened 
heart to work against a peripheral vaso-constriction and increased blood pressure. 


Musser, J. H.: Theophylline-Etbylenediamine in Heart Disease Associated with 

Pain. Jour. Am. Med. Assn., 1928, xci, 1242. 

The abstracted histories of 20 patients with several types of heart pain are 
indicative of the therapeutic effect of thcophyllinc-ethylencdiamine. Tlie greatest 
value of the drug lies in the treatment of patients with angina pectoris. It is only 
slightly less valuable in the handling of patients who have survived the initial 
effect of coronary thrombosis. 

The author points out that rest in bed, diet arid pro^rer fluid intake alone will 
be sufficient in many cardiac patients to restore compensation. However, it definitely 
seems that patients with comparable signs and symirtoms of' cardiac failure of a 
congested type improve more rapidly and more fully with digitalis therapy combined 
uath rest in bed and theopliylliiie-ethylenediamine than they do uirder the same 
regimen without theophylline-ethylcnediamine. 


Smith, Fred M.: The Diet and Theophylline in the Treatment of Cardiac Fail- 
ure. Jour. Am. Mod. Assn., 1928, xci, 1274. 

Further observations on the diet xrreviously reported have emphasized the im- 
portance of tliis feature in the treatment of cardiac failure. 

^ greater significance is attributed to the carbohj’drates and particularlj- the 
sugars of the diet. The beneficial action of carbohydrates on the liver injury induced 
y pro onged congestive failure may contribute to the effectiveness of tire diet. 
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Intravenous adininistiation of dextrose solution is not advocated if the patient k 

able to take food by mouth. It is felt that the diet is a more eftective mean, 
of providing sugar. * ' 

Theopliyllme is a valuable measure in the treatment of the cardiac failure i,f 
arteriosclerosis. The best results are obtained in the congestive type of failure. 
E;^erimenta] and clinical observations support the belief that the elimination of 
fluid is promoted by the favorable influence on the coronarv circulation. 


Lukens, F. D. W.: Tolysin in Subacute Eheiunatic Carditis. Jour. Clin Invent 

192S, vi, 319. 

In order to determine the effect of tolysin on subacute rheumatic carditi.s, the 
author selected 6 children ivith rheumatic heart disease in ivliom tlie joint s\mptom« 
were minimal and the carditis the most prominent feature. Tlie diagnosis in all 
these eases was rheumatic heart disease, active, with mitral stenosis and insufficiency 
and enlargement of the heart. There were no arrhythmias and although the lesion? 
were fairly severe, none of these patients showed failure of compensation. The 
pulse rate was not affected by treatment in any of these patients. 

The absence of any demonstrable effect of tolysin upon the weight, temperature 
and leucocytosis in tliis type- of rheumatic heart disease is evident from the data 
published in the tables. 

Graham, Stanley: Arsenic in the Treatment of Chorea. Arch. Dis. Childhooil. 

192S, iii, 206. 

The author surveys the results of 3 forms of therapy used in 3 groups of children 
suffering from chorea. One group was treated with intravenous ncokharsivan an 
average of 0.465 gm. arsenic being given per patient during thirty days. A second 
group was given liquor arsenicalis (liquor potassii arsenitis), the average amount of 
arsenic given being 0.27G gm. or about ])alf the amount administered to the first 
group. A third series was treated with sodium salicylate. 

The series of patients was furtlier subdivided according to the length of time 
chorea had beeu present before treatment. The duration of the chorea in day? 
subsequent to treatment and the condition of the heart on admission and discharge 
was taken as the criteria of the efficacy of the drug. 

As far as the duration of the disease was concerned, the group treated with 
salicvlates improved the quickest, and those treated with intravenous arsenic most 
slowly. 

The heart murmurs cleared more in the group treated with Fowler’s .solution 
than in the other two. 

The author concludes that drug therapy is of little value in chorea, that im- 
provement is due to the tonic effect of the arsenic and is not proportional to the 
amount given. General measures are recommended and the use of sodium salicylate 
for its action on rheumatic manifestations. 


Turner, Koy H.: A Spbygmograpb Using a Carbon Grain Aerophone and the 
String Gal-vanometer. Bull. Johns Hopkins Ho.sp., 1928, xHii, 1- 

A splivgmograpb for clinical and experimental purposes ^ ‘'-"KcnEl 

vanomrtcr a Aco.dias in.trumo.t is dcscribod aa.l its poss.la ,.,cs 

A carbon -rain microphone mounted over the vc.sscl through variation m 

,.isurr...a" .1.0 ca Jo. pas.i.ft -I.roagb .o pul.a.o, Ti.oso 

Jions arc recorded by photographing the shadow of the galvanometer .tring. 
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The microphone functions largely as a result of pressure changes rather than 
movement of parts. The instrument is without clemonstrablo lag. 

Eecords show a form agreeing with accepted standards, and c.xhibit accuracj 

of the time element. 

Turner, Eoy H.; A Method for Measuring the Velocity of the Pulse Wave in 

which Helium Glow Lamps are Used as Markers. Bull. Johns Hopkins Hosp., 

1928, xliii, 14. 

An instrument and method for measuring the velocity of the pulse wave^ is 
described. The flashes of hcliuin-fllled glow lamps photographed on the moving 
film serve to indicate the time of arrival of the pulse under carbon grain micro- 
phones. 

The instrument is without demonstrable lag. 

The beginning of the flash may be made to coincide with the beginning of the 
upstroke of the sphygmogram. 

Detailed data for determination of pulse wave velocity in six subjects arc 
presented. 

Marvin, H. M.; The Heart During Anesthesia and Operative Procedures. New 

Eng. Jour. Med., 1928, exeix, 547. 

The author discusses tliis important subject from the standpoint of general 
anesthesia procedure by ether, etliylene and nitrous oxide gas. lie presupposes that 
chloroform produces definite injury to tlie heart and that in the hands of inex- 
perienced anesthetists any anesthetic may injure tlie patient at this time. 

He believes there is no convincing evidence that anesthesia and operation in 
themselves have any damaging action upon the normal heart. The damaged heart 
whatever its physical signs is the eciuivalcnt of a normal one for anesthesia and 
operation if it is carrying on an adequate circulation under normal conditions of life 
with a possible exception of the syphilitic heart; no matter what size the heart 
may be, no matter what thrills or murmurs may be present over the iirecordium, 
no matter how far nor in what direction sounds or murmurs may be transmitted 
if the patient has been leading the life involving moderate .activity and has been 
without symptoms it m.ay be safely assumed that it will behave properly during 
anesthesia and operation. There arc three types of heart disease that are notoriously 
apt to lead to sudden death, even at complete rest: syphilitic heart disease with 
aortic insufficiency, complete heart block as ji manifestation of any type of heart 
disease and that form of heart failure known as angina pectoris. The history, there- 
fore is more important than the physical o.xamination altiiough both sliould bo 
obtained. 

Patients with heart failure and those of auricular fibrillation oven without heart 
failure should receive digitalis before operation if possible. The digitalis should 
be given in therapeutic doses or not at all and it should not be given as a routine 
preoperative measure. 

Of the available general anesthetics, ethylene g:is is probably the one that has 
the most to commend it, for use in p.atients with heart failure; and finally possibly 

most important of all it is more important to select the proper anesthetist thair to 
select the anesthetic. 
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Harvey, William: EXERCITATIO AHATOMICA DE MOTU COll- 
DIS ET SAHQUINIS IN ANIMALIBUS, With an English Transla- 
tion and Annotations by Chauncey D. Leake. Charles C. Thomas, 
Publisher, Springfield, Illinois, 1928. 

This book is iDublislied as a tercentennial edition of tlie original 
book by Harvey. Part I consists of a facsimile of the Latin cdhioii 
reproduced by a new and exceedingly accurate process in jihoto- 
engraving. Part II is the English translation made by the author. 
This translation is based on the Longhine edition of 1697. Willis’ 
translation of the dedication has been included since tliis is missing 
from the Longhine edition. The translator has also made use of a copy 
of Moreton’s privately printed facsimile of the original edition. Prom 
these two sources, the author has prepared his own translation. He 
states that lie has made this admittedly' free in a deliberate attempt to 
present Harvey’s thoughts in the current physiological manner. Thus 
while Harvey nowhere uses a word wliich may be literally rcnclerecl 
“pump” the author prefers to refer to cardiac action in some such 
term, 

111 order to bring out the significance of Harvey’s worlt in regard 
to our modern knowledge of cardiac function, and to relate it to the 
slow development of this knowledge footnotes have been added to the 
translation. 

This volume in connection with others which liavc appeared this 
year as part of the tercentennial celebration of the appearance of 
Harvey’s great book should appeal strongly to students of Pliy.siology 
and also to those interested in Medical history. A clironology of the 
life of ’William Harvey has been added. 

There are included 10 illustrations, chiefly reproductions of the well- 
known Harverian pictures. These have been carefully coliected Irom 
well-knoAvn sources and are presented in this volume in excellent form. 
They add greatly to tlie value of tlie hook. 

The book was set, printed and bound by the Coiiegiafe Press. 
Meiiasha, Wisconsin. The cover design and front matter have been 
prepared and set with great cave. The type face of ilm Euglrdi 
translation is the very beautiful Caslon Old Style No. 3>17. It "a' 
designed by William Caslon, an engraver, in the early eighteenth eon- 
tnry. Its characteristic is that of simple, honest de.sign and perfeo 
craftsmanship. The paper is eighty pound Natural Laid Atirclian 

Book. 
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The author has selected the material carefully and has rendered an 
excellent translation, avoiding all stilted and involved terms.^ Ihe 
reading of this translation is easy and fascinating. It marks a distinct 
advance in publication of medical historical volumes. 

The publishers are to be congratulated on the fineness of form and 
great attention to interesting and professional details. 

CRITERIA FOR THE CLASSIFICATION AND DIAGNOSIS OF 
HEART DISEASE. By a Committee (Joseph H. Bainton, M.D., 
Robert L. Levy, M.D., W. C. l\Iunly, :\I.D., M.C., U.S.A., and Harold 
E. B. Pardee, M.D., Chairman) Appointed by the Heart Committee 
of the New York Tuberculosis and Health Association, Inc., New 
York, Paul B. Hoeber, Inc., 1928, pp. 92. 

The Heart Committee of the New York Tuberculosis and Health 
Association has devoted a great deal of attention to raising the stand- 
ards of cardiac diagnosis, not only in the larger centers where the 
more elaborate methods of study are available, but in every Heart 
Clinic, no matter how small. The Committee believes that a complete 
and accurate diagnosis, including etiology, pathologieal anatomy, 
physiology and functional capacity, is of the greatest importance, and 
that a diagnosis made in one city should mean the same thing in any 
other city. In this little volume of 92 pages the Committee has brought 
together a commentary on the Nomenclature for Cardiac Diagnosis ap- 
proved by the American Heart Association. This commentary takes 
up each heading, discussing it and defining the terms, and makes it 
possible for workers in all parts of the country to use the Nomencla- 
ture in a uniform manner. The discussion is practical and special em- 
phasis is laid on methods of examination which are within the reach 
of everyone. With the aid of tliis book a complete cardiac diagnosis 
should be within the reach of every physician, and records from clin- 
ics in all parts of the country should be comparable for statistical 
studies in a manner not possible heretofore. The section on Etiology 
offers many valuable suggestions, perhaps the most valuable being the 
emphasis on the point that the correct etiological diagnosis is often 
“unknown.” The sections on Anatomy, Phj'siologj^ and Functional 
Capacity should be of general interest. There are suggestions for 
making an examination and a table of terms to be used in describing 
heart sounds and murmurs. Adherence to these systematic methods 
of examining and describing would result in reliable and easily inter- 
preted records. Functional capacity is tested by the patient's ability 
to perform physical activity, not by arbitrary tests, and it is important 
to note that the functional classification depends solely on this ability 
and IS not to be influenced by the anatomical prognosis or the progno- 
sis. The term “Fibrosis of the Myocardium” is added to the headings. 
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A few points raise a question in the mind of the reader. The relation 
of hypertension to arteriosclerosis seems dogmatic; the diagnosis of 
tumor of the heart and of adherent pericardium seems almost too easy; 
and the discussion of “potential” and “possible” heart disease is 
rather brief. On the Avhole the style is as clear as it is concise, and the 
criteria are those which can he determined and used by all workers. 
There is now no excuse for incomplete or inaccurate records. 
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ECONOI^riC ASPECTS OP HEART DISEASE^ 

Havex Ejiek.so.v, 

New YoifJC, N. Y, 

1^0 SMALL part of tlic present colossal wonlih of our country is 
due to the accumulated saviug of the Yiycs of men and women 
in the years of their greatest material ])rod\jctivi1y, by Ilje Ld) in 
tlie death rate from pulmonary tuberculosis. It is iiuiikciy that in 
tins country and in our lime any other cliauge in the prevalence of 
disease can produce such impre.s'sivc increase in tlic earnings and 
savings of our people. Now that tuberculosis lias lost its leader.sbip 
of the column of deaths and heart diseases have emerged, partly by 
the fall m the death rates from other causes and partly because of 
the great and sustained increa.se in Die denDi rales from heart dis- 
orders as the most frequent of the causes of death, jiopular intcre.sf, 
as well as medical, drives us to analyze eauses and costs in this field 
of pathology as a community ju’oblem. 

In 1921 It was estimated that the per capHo cost of tiibereido.si.v to 

buiXu^^^if r annually, and Dint this 

ideu. If distributed among those persons with an active, clinically 

and trTf]^ amonnled to .'};1,2G2 anmiallv per patient 

nd that the total loss due to tuberculosis during the entire life span 

of the population at the thou rate of tuhorculo.si.s morlalilv Vould 

amount to $27,125,000,000." i ouaiili nould 

i/I" r'f™"**'"' *'"! “Tl.o lirsl. w.nith is l.caltl, ” 

man lives””” tWreonH economisls tlmt |.l,c valne „{ 

].oasessio„s.= ’ "" '''' '""Im-ial 

While the implications of tbo ttfm +i ■ 

aa the range „I „n„,sn activities , ! he '’"'T' T’’. 

purposes that “economics m- i ^ uudenstood for present 

“ -s F • V=s “= 

M.V e. Coesro.. „ ,vn.er.c.„ P, „ n..., o,. 
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of the International List of Causes of Death, 87-90— Pericarditis, 

Endo- and Myocarditis (acute), Angina Pectoris, and Other Diseases 
of the Heart. 

We are necessarily limited to the use of these few terms, inade- 
quate as they are, because with rare exceptions under no others are 
there to be found records of the distriblition and duration of lieart 
diseases which permit us to estimate the character and the extent 
of the influence of this particular group of disabilities upon earnin|i 
capacity and span of life. 

The bearing of disease upon the earning of a livelihood depends 
at least upon the age of the person at onset, the degree and duration of 
disability as the process develops, and the extent to which deatli 
from this cause shortens life. 

Information is therefore to be sought from the records of deaths, 
and of sickness, ivhere these latter are assembled through institu- 
tions or agencies, such as hospitals, dispensaries, visiting nur.se as- 
sociations, industrial and insurance or compensation offices. . 

While no economist or statistician can express in figures alone the 
value of man’s life, there is a trustworthy method of calculating in 
terms of earnings, the relative returns on the investment of life ivlicn 
death comes to man at different ages. 

The studies of Dublin and Lotka- will be used as the basis of 
estimating the economic losses due to heart disease in this paper. 
Bj'- these authors the money value of’ a life at a given age. is con- 
sidered to be the difference between the person’s calculated future 
earnings at the time of his death, and the present worth of his ])rol)- 
able future expenditures. 

Since the overwhelming majority of men in the United States to- 
day are found in, or at least nearer the $2,500 income class of ear- 
nings than in the $5,000 a year class or over, we shall confine our 
estimates to the former without attempting to make allowance for 
that relatively very small proportion of heart patienis and deallis 
occurring in the higher income group. For convenience of refer- 
ence, hoAvever, the accompanying abbreviated table from the sludic.s 
of Dublin and Lotka will indicate the relative values of tbese iwo 
groups of earners expressed in dollars of value at the age of death. 


ESTIMATED VALUE 


Fear of Age 
18 
21 
30 
40 
50 
60 
70 


OF A man’s LIFE IN TERMS 
V.ARIOOS AGES 

On Basis of $5,000 
Annual Barnings 
$.34, ,321 
30.170 
48,502 
45,070 
30,354 
10,256 
5, OSS 


OF NET FUTURE EARNINGS AT 

On Basis of $2,500 
Annvni Barnings 
$2S,051 
30, SIS 
31,038 
25,70.1 
17..510 
S,400 
502 
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Oui’ knowledge of tlie degree of disability due to heart diseases 
during the various phases of their precliuical and recognized existence 
in man is too fragmentary to justify us in attempting calculations 
in this field. For persons completing the years of their normal life 
existence; i.e., with undiininished average length of life, though handi- 
capped because of limitations in physical vigor, skill, or endurance 
because of disease, reliable estimates of money value at the various 
ages can be made as has been indicated by Dublin in his table on 
Substandard Wage Earners in Three Income Classes ($500, $1000, 
and $1500)." 

The burden of heart diseases caused by the shortening of the life of 
occupied and retired civilians, from twenty to sixty -five years of age,* 
is heavier among the unskilled workers than in any other social class, 
the unskilled workers’ comparative mortality figure from this cause 
being 156.5, while that of the upper and middle class is 105.8 and 
that of skilled Avorkers is 120.1, a difference to the disadAmntage of 
tlie loAV income level group Avhich is found also in tuberculosis, cancer, 
and pneiUAAOnia. 

This difference is particularly marked when the death rates from 
heart diseases by social classes are analyzed by age groui:)S, the un- 
skilled Avorkers suffering out of proportion in all decades of life, 
but particularly in those under sixty -five years, as .shoAvn in the accom- 
panying list. 


Age 

16-19 

20-24 

25-34 

35-44 

45-54 

55-64 

65-69 


Unskilled Workers 
25 
34 
55 
91 
181 
454 
940 


■Skilled Workers 
18 
25 
37 
61 
127 
S94 
.007 


Upper and Middle 
Class Workers 
6 

15 

IS 

43 

112 

401 

977 


As the Registrar General remark!3, “It is evident that in early 
and middle life at least, heart disease as a Avhole is found to be 
especially fatal to the poorer classes, and although no record has been 
Obtained of the social incidence of mortality from acute rheumatism, 
A- if aii classes Avere equally subjeetable 

"'“'I'd be 

camions!””* ° ““ the necessary pre- 

Tf y widely according to the character of employment 

oaenplrr S'ire'; ^ ^1, 

the low rnrmiV'rts aZ::: - 
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Insurance oflSeials 230 

Gamekeepers 240 

Bank officials 334 

Anglican clergy 391 

Millers r 393 

Medical practitioners "ISS 

Homan Catholic priests 


Tliose occupations ivitli a higli ratio of mortality from this cause 


are : 


Cotton carders 

Cotton strippers and grinders 

Barmen 

Slate masons 

File cutters 

Cutlery grinders 

Slaters and tilers 

Cotton blowroom operatives 

Wool ■weavers 

Slate miners 


2170 

2063 

2024 

1994 

1852 

1727 

1727 

16SS 

IGGG 

1647 


Similarly the occupations shoiving particularly hi 
from “Other heart diseases” (chiefly myocardial) 
paid and disadvantageous employments. 


gh mortality rates 
include many low 


Tin and copper miners below ground 
Cutlery grinders 
Slate masons 
Barristers 

Hat fomiers and plonkers 
Tin and copper miners 
China, kiln, and ovenmen 
Pottery dippers, glazers, etc. 

Cellarmen 
Cotton carders 


3244 

2834 

2642 

2514 

2317 

2242 

‘^122 

2108 

2029 

18G9 


fl,P lp,s amnle and eoiiclnsive evidence in this conntry uc 

From the less ampie v-.-.m-talifv from 

• ' ■Poriipv’eS tables of propol’tionatc mo < 

find as given lu recliey s xaun-s uj- i i 

principal diseases among ten occupations “ ‘ ^ ,^5 

Oiat butchers, tailors, cigar makers and she makms toe dc 

(rom heart f p:^,,rrmo;e, it is seen Irom . 1 * 

occupations listed as a ^loup. ,,invtalitv for occupied 

same study that in 1920 the propor ton to ottah,,^ £ 

males in the United States. of death, 

heart diseases than from any o£ the » 

The duration o£ heart disease as (inis.lT) in North Cave- 

surveys, reported Massachusetts diller.s radically 

lina, Pennsylvania, ^ \„ken as a group. Calculatioas 
from the duration 0 . I jMlowing statements; 

based on tliese surveys justify 

locUntr Ic'S than two weeks; 3.1 pc 
One-quarter of all sicknesses lasting l .s 

„r„rt disease lasting less than ti™ «eo 

I-ifty-lonr and ^ P ,„,i „5 loss than thioo months, 

months; 2 S .6 per cent of heari 
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Seventy per cent of all sicknesses lasting less limn one yoav; aO.a per 

of heart disease lasting less than one year. 

Sixteen and eight-tenths per cent of all sicknesses lasting three years 
over; 24.2 per cent of heart diseases lasting three years and over. 


cent 

:ind 


Among New York State factory workers in 1919/ 3.2 per cent ot 
total wages were lost on account of heart tliseases, or $50.3-1 lost ]')er 
case, while 2.2 per cent were lost on account of tuberculosis, .$230.51 


lost per case. 

Sickness from organic heart tliscase among office employees in a 
large commercial office'^ in New York City caused ii loss of two hun- 
dred fifty-three and nine-tenths working days per annum per 1000 
persons employed, and showed a loss of ninety and six-tenths days 
per case of illness which constituted 2.(58 per cent of all working 
days lo.st, the ditTerences between male and female workers being of 
no significance. There were lost on account ol heart, diseases 29(5.8 
calendar days for each 3000 persons employed, or 305.8 calendar 
days per case of heart disease, or 2.78 per cent of alt calendar days 
lost on account of sickness among these employees. There were, 2.8 
cases of heart disease per 3000 per.sons employed in 3925 amounting 
to 3.4 cases per 1000 clerk years or 0.33 ]')er cent of all cases of dis- 
ability for that year.*' 

Analy.sis of health insurance claims on account of heart disense.s*' 
shows that ninety and four-tenths days are lost per claim, varying ac- 
cording to the age of the claimant from forty-two days among those 
twenty-five to twenty-nine years of age to one hundred twenty-three 
and one hundred fifty days among those fifty to fifty-four and fifty- 
five to sixty years of age respoetively. 

In Brundage’s study of Siclcncss A tunny InduslriaJ Btnploycc.A" he 
found that according to the length of the maximum disahilily jjeriod 
provided for, the number of clays of disability per case varied from 
sixty-five to one lumdrecl twenty-two days, as compared with the dura- 
don of disability per ease of eiglity-fonr to one hundred sixty-one days 
in tuberculosis. 


In the same report the average annual number of case.s of heart 
disease as a cause of sicknc.ss disability per 3000 male industrial work- 
ers (1922-24) was found to vary from 1.3 in the public utilities to 1.4 
among the iron and steel workers, and 3.5 in other industries. 

In Dublin’s study of Causes- of Death by Occupation from the Metro- 
po itan Life Insurance Company mortality experience,’^ deaths from 
organic heart disease constituted 12 per cent of deaths from all causes 
vaiying from 5.4 per cent among railway enginemen and trainmen to 
pel cent among farmers and farm laborers and for females 14.8 

StanT^ and office as- 

difppi ’ housewives and housekeepers. These 

th as well as to the age groups of the persons involved. 
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A fm-tliei' analysis ot Dublin's study reveals for all ocenpatious the 
percentages of all deaths represented by those due to heart diseases 
aeeordmg to the sen atid decade ot life of the deceased as shot™ in 
the accompanying age groups: 


AQE GROUPS 


S$.44 45-54 

Males 5.8% 5.4% 7.7% ll.l% 

Pemales 6.9% 7.0% 10.0% 13.9% 


55-54 C5 .\xi) ovKii 
36 . 9 % 20 .-}% 

IS.7% 20,8% 


Similar information upon percentage of all deaths represented by 
deaths from heart disease and decade of death is found in Wynne ami 
Guilfoy’s'^ report for experience among employed males in Now York 
City, 1914, as here shown. 


AGE GROUPS 

15-34 35-34 35-44 45-54 55-54 C5 axd over 

8.4% 8.7% 10.3% 17.0% 22.2% 28.0% 

In both these reports there are considerable differences according 
to sex and occupation, but the variations are quite eomsistent among 
the age groups. 

Regardless of age and sex, the variations in the percentage which 
heart disease deaths constitute of all deaths, by occupations, wore 
found by "Wynne and Guilfoy to be as follows : 

Per Cent 


All occupied persons (53,541) 17.9 

Blacksmiths lo.S 

Cigar makers and tobacco workers 18.9 

Clerks and bookkeepers 14.0 

Compositors and printers 13.G 

Garment workers 20.7 

Laborers 13.4 

Machinists 14.1 

Painters and paper liangers 14.9 

Eailroad track and yard workers 17.0 

Saloonkeepers and bartenders 10.1 

Teamsters and drivers 10.3 


In Brundage’s study of a ten-year experience with absences from 
work in the Edison Illuminating Company of Boston he found that 
there were for both men and women, 4 absences for heart diseases 
among each 1000 on the pajToll per annum, but that while tiie mcii 
lost forty-nine and fifty-two hundredths calendar days on aceouitt oi 
each such sickness, the women lo.st ninety-nine and seventy-three hun- 
dredths days. 

Of the total deaths from all causes in the United States Registration 
Area, 1925, 1,219,019, there were 191,226, or 15.7 per cent, from heart 
diseases. Of these (215 age unknown), 170,482, or 89.2 per cent, were 
in persons forty years of age or over. 
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2.U 


40 - 49 yenrs of ngc 

50 - 59 

60 - 69 

70 - 79 

SO - 89 

90 and over 

Unknown 


10,384 

28,118 

44,843 

49,774 

27,202 

3,880 

215 


There Avere only 20,744 cleoths llroni heart diseases in 
f oi’ty years of. age. 


persons under 


Under 10 years of age 
10 - 19 
20 - 29 
30 - 39 


3133 

4095 

4879 

S037 


20,744 


The decade seventy to seventy -nine years in which the large-st num- 
ber of deaths occurred is the last one for which Dublin estimates that 
there is any balance of money value in favor of Ihe individual between 
his probable earnings and expenditures. 

The largest number of deaths from nepbrilis and from cerebral 
hemorrhage also occur in the decade of life seventy to seventy-nine 
years, while the largest number of deaths from cancer occur in the 
decade sixty to sixty-nine and of tuberculosis in the decade twenty to 
twenty-nine years. 

Not alone the total number of deaths from a particular disease, but 
their distribution among the decades of life, and the duration of the 
disease as a cause of relative or complete disability are the determin- 
ing factors of its economic cost to the individual and the communit\'. 

In dealing with heart disease we must consider duration and death, 
moreover, on the basis of the three dominant etiological groups, rheu- 
matic, syphilitic, and arteriosclerotic or senescent. 

In translating clinical histories into graphic form for the imrpose of 
expressing the spread of disability and death across the yeai's of life, 
we have the following pictures of the three groups mentioned. (See 
Pig. 1.) 

When rheumatism completes its cycle from onset through a period 
of disabling symptoms to and through the time of decompensation to 
death, all under the age of forty, ivhich occurs in the great ma.iority 
of eases, we find that the onset is under ten years of age in 19 per 
cent of the cases, between ten and twenty years of age in 37 per cent, 
between twenty and thirty in 23 per cent, and between thirty and 
forty in 21 per cent of the cases. Furthermore, -we find on the average, 
a duration of four years between onset and partially disabling symp- 
toms, which thereafter continue about seven years before decompensa- 
mn, and with it probably complete disability develops, Avhieh eon- 
mues, alternating with partial and occasional working ability for 
four years until death. ’ 
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Witli syphilis, the infection which oecnrs between eighteen . jiiul 
thirty years of age is followed, so far as heart disease including 
aortitis is concerned, by from ten to twenty-five years without syinp- 
toins or conscious disability, death following usually within two years 
after the development of disabling symptoms. The deaths from syph- 
ilitic heart disease are therefore to be found in 80 per cent of the eases 
after the age of forty, in 12 per cent in persons over sixty, and in 
about 3-f per cent of the cases each in the decades forty to forty-i;ine 
and fifty to fifty-nine years. 

Of the 20 per cent of syphilitic cardiac deaths occurring under 
forty years of ago. 3 out of 4 are in the decade between thirty and 
foi’ty years. 


BY /-OB C'" 



r;s'--srs 

BLu/'CD TO ESTiMiTED LI=U 




FijY. 1 — In this nfrurc- will be founU frniphically expressed the life lil.'story of the 
evi'raip' heart patient of oacli of the throe chief catetrorie."! of licart disease aero-v. 
the .span of life (.suininarizod from the literature by Cohen’’). 

Tile onset of I'lieum.atic lieart disease occurs in CO per cent of tlie cases before the 
ace of twenty year.s and in 0r> per cent before the afro of foi’ty. Tlie period of time be- 
tween inf‘ clion and tlie developjnent of dis.’ihlin'T .symjitoms is usuall.v lomter in tho-'’ 
attached early in life tiian in tiiose att.'icUed .after twenty, as shown by the varying 
widlli of the lielitly sliaded strip averapin^ a little less tlian four ycais In duration. 

b'cllowinp tills is a fairly uniform period of seven years (lieavily shadeil •’*”1’’ 
durinc wlileli tln-e aie disabling svmptoms of varyinp severity hut causing IntiT- 
fi-renee to markeil rb’cree. tliouirh Intermittently witli usual occupations. 

Flnall.v. the solid hlaclj strip cxpre.sses the period of about four years of Inrre.i.se- 
inp and almo.<t continuously complete disability until deatli results from canin 
failure. 

Tlie curved line M represents the chanainp value of a life expressed in Jolini''- 
throuphout the period of prevalonci' of rheumatic heart disease as indicated at la" 
riplit hand of tlie prapli. 

The sano’ use of lines and spaces prevails in the praphs of experience ’"ita 
syphilitic and hypertensive or senescent heart disease. 


In Iho groat mass of all dcatlis attributed to diseases of the lie.nrt. 
those of tlie senescent type, constituting 90 per cent of the total, 
the onset of .symptoms occurs (according to AVyekoff") by decade.s as 
here sliown : 
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Age 

Per Cent 

30 - 3.0 

0.4 

40 - 49 

14.1 

50 - 59 

43.0 

GO - G9 

31.0 

70 and over 

10.2 


This type of heart disease is not accompanied by any more, or oilier 
disability than is commonly found among all jier.sons in llie later 
decades of life, the subjective symploms of the disease randy causing 
the patient serious occupational Iiandica]) unless be be alarmed by 
what he is told about liis sickness. 

In most cases in the senescent typo of the disease, cardiac failure 
of a disabling degree occurs, if at all. so near 1o Ibe lime of death 

and at so late an age that a calculable jieriod of economic di.sabililv 
does not develop. 

Practically all deaths attributed to the seuesceut Iv,,,. „r l.earl dis. 
ease occur after the age of fifty, their distribution auio,,.- the suhsc 
tiuciit decades of life being as shown in tlic aeconipanying’iahle, 

or arc or,„„s r«oi, sssKscssr „i„r„is,, r,„,,.,x„ 


Years 

50 - 59 

CO - C9 

70 - 79 

80 and over 

Per Ceut 
IS 

29 

S3 

20 


100 


amont 

heart disease leading to death as^' 'he throe groups o! 

‘ai'ed record fon„s,1ss; ’ ho 

otwow-iv,,;. . ^'-"-ation, 

nt clime Tt United .Sime.s of 


Yon' it , , - ...v VI 

Slmmatic Heart Discaac —^V]tU ] ' ^ «SOeiallon. 

Italian parents. Reported at clinic at' 

rliGuniatic fever fjio sixtcoji ve'jr*; t> 

Iourtee.f ite began\o Lavol;„;^ at f^nHeon. ^,"1 'a'ge’" 

years was adnUH 1 

«ge of gonorrhea at the aao •■>go o 

symptoms, which the age of forty. Jght and s.vpl.ili 

~ - - -rs, : 

so Ot fifty-seven. 
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Estimates of tiie cost of iieart disease in tlie United States can be 
approximated by calcnlatin<r tlie losses due to premature deatlis, and 
Die costs of medical and nursing care, as in hospitals, dispensaries, by 
visiting nurses, in convalescent homes, and in homes and hospitals for 
chronic invalids. 

Death Costs, J92S . — The population of the United States is estimated 
as of July 1, 1928, to be a little over 120,000,000. The death rate from 
heart diseases (87-90) in the Registration Area in 1925 vas 185.46 per 
100,000 of the population.* It is estimated that the deaths from heart 
diseases in 1928, if the rate of 1925 is not exceeded, -will be 221,809. 
When distributed by age groups according to the distribution in per 
cent of heart deaths in 1925 and charging for the numbers occurring 
at each decade, the value of a life at the mid-period of the decade, ve 
find the loss in terms of money value to be .$1,538,897,680, or .$12.65 per 
capita of the po 2 ')ulation. 


Jf/c Group 

J'Js lima ted 1) is tributioii 
of Deaths From Jlcarl Life Value at 
Disease 1!>2S i^lid-period Ape 


Loss to the 
CommunUn 


Per Cen t 

No. 




Uiuicr 10 vr. 

1.0384 

3,501 

.$14,150 


.<• 51,508,020 

10 - 10 

2.1414 

4.G73 

25,341 


120,724,524 

20 - 29 

2.5514 

5,504 

31,000 


181,001,400 

;jo - 30 

4..51G0 

10,015 

28,750 


288,851,250 

-to - 40 

S.5G70 

18,017 

22,000 


410,208,000 

.'0 - ;"0 

14.7041 

32,403 

12,900 


421,040,100 

00 - 00 

23.4.503 

52,200 

4,400 


220,530,400 






.$1,713,013,201 

70 - 74 

13.40S2 

30,027 

- 7CG 

.$ 2,3,000,082 


7;") .and over 

28.0317 

04,3.50 

- 2, .348 

151,114,032 







-174,115,011 


100.000 

221,800 



.$1,538,807,030 


While it may be quite justified from a purely financial point of vic'v 
to calculate the lo.ss to the eojiimunity of the life of a -woman on tbe 
basis of 50 per cent less monetary vahie than that of a man at the same 
ago, there is a good reason to consider that the lo.ss of life from heart 
diseases among women, decade by decade, and for equal numbers, con- 
stitutes quite ns heavy a financial lo.ss to the family and home in terms 
of dollars’ worth of service and care, as results from the same cause m 
the male. ’J’his is particularly the case in the economic group we are 
using as the basis of our estimates; i.e., jjersons earning .$2,500 a yeai 
or less. Therefore, no attempt will be made to proportion the total 
cost of heart dise.aso. sickne.ss, and deaths according to sex incidence. 


*Tlil.< r.-ito 'v.-i.'* U'O.l In lOCn .Tn.l In nil nrnlinliility tlio rntf for ni.' , 

w.-tl over I’OO. Init .“Ince tli‘- otli'-'r <I;ifn to he refenv'd to 1.^- rno,.-t of it jiv.-imuii” i 
ti'rlo.l.« not Intor tlnn tlie cniculiitinn*' c.nn more con.'^ervntlvely Ik; lin.^dl on i" 

lOi;.’. Jo.'ith nit".* of IKj.-m. 




BJIERSON : 


The death rate from heart disease in 

» t f\c\r\ ”1 < 


economic aspects op heart disease 

the registration area’ 


2G1 


liaving 

• ?7 3 ner cent from 1920 to 1925 (31 per cent among males 

it is ce.-U.in t„et .I.C il.28 cs.,n.,.te oi 

clcsths l.- 0 .n this cause is conservative and well with... the t.u n 
BospiW Cosfs.-In 1927 in the 4322 gc.eral hosinlals ^ 
per cent of the 345,364 beds were nsed on the 


hospitals are for this class of patients, oi a 

care for heart patients in the United States co- 

$4.00 a day per patient, a cost of $30,251,348. 'Iho. average cost ( 
hospital care in public general hospitals in New York Stale lia.s i 


hospital care in public g 
recent years (1926) been 


.08 per patient day, and in privale or so- 
called endowed general hospitals $4.90 per patient day. 

The experience of the State of New York including the City of New 
York shows a much smaller proportion of all hospital patients to be 
heart patients (1926’^) ; i.e., 2.7 per cent in tlic general hospitals of the 
State and City as compared with 4.6 per cent in general bosjiitals in 
the city taken separately. If then the 2.7 per cent of all general hos- 
pital patients in New York State and City are heart jiatients, and wc 
have learned (1926) that the heart patient on the average uses about 
1.74 times as many days of ho.spital eai-e as otlicr patients do, wo shall 
find when applying this .situation to the ho.spitals of tlie country as a 
whole that there Avonld be 4.698 per cent of total lied days of hos]htal 
use devoted to care of heart patients, or 3,904,319 day.s (2.7 x 1.74 x 
227,940 X 365) wdiich at four dollars a day of care Avould bo $15,617,276. 
The actual cost of hospital care for lieart patients for the Unit ed Stales 
as a whole probably falls between tlie.se two figures; i.e., not over 
thirty nor under fifteen million dollars a year. 

The reader familiar with the .social practice of difi’erciit parts of the 
...ted States as it aftcets tlio supply, use .nid per cUcm cost ol liospital 
eel oare for heart and other gcucral medical patients will realize that 
estimates hased on the experience hi New York City and Stale may be 

0 her l? ^ issue arc not available fro... 

othe. large population groups. Also the fact that the .-eporlcd death 
■ate fr m heart diseases lor No.v York State is higher than for -m - 

comnlptf. ; r !■ country as a whole. YUien more 

will have to be™ “sed biff’"’ 

- s;- l-rst 
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York City, in 1926 -went for the care of lieart patients, and 3.6 per cent 
of the cost in the private general hospitals vent for this purpose, the 
latter not being provided so commonly with beds available for the 
more chronic forms of disease. In the private hospitals in New York 
City the comparable figure was 4.3 per cent. 

Xnrsing Visit Costs . — Approximately 3,000,000 persons are in the 
boroughs of ]\Ianhattan, Bronx, and Richmond of New York City, 
within the reach of the Visiting Nur.se Service (The Henry >Street 
Nurses). Among these people 304,367 nursing visits were made to 
patients discharged from cai-e in 1927, of which 7,229, or 2.4 per cent, 
were for heart patients. Stated in another way these nurses visited 
44,216 difl'erent patients in the year, of whom 692, or 1.6 per cent, were 
heart patients, who received an average of 10.45 nursing visits each. 

Among the entire population of the United States, approximately 
forty times the size of the community served by these visiting nur.ses, 
either visiting nurses or other persons with less skill and at more ex- 
jiense directly or indirectly, will be found to be providing some 
degree of home nursing, or a total of 289,160 individual services, wliieli 
at the present actual average co.st of visiting nurse service of $1.00 a 
visit, would bo $289,160. 

Cost of Clinic Care . — The six million peojile of New York City ap- 
pear to be adequately served by the several heart clinics, as far as 
heart jiatients, suitable oii economical and pathological basis for ambu- 
latory clinic care, are concerned. Almost all ambulatory lieart pa- 
tients not under the care of private physicians go direct or by reference 
from other out-iiatient or dispensar.v classes to the special heart clinics 
scattered throughout the city. 

The patients attending these heart clinics numbered 10,017 (4592 
adults, 5425 children) and made 37,871 separate visits.^® Of the total 
number of patients 22 adults and 211 cbildren were found not to he 
suffering from heart disease. 

Thus we find that there was one heart patient attending a heart 
clinic in the year for each 600 jiersons in the population and one clinic 
visit was made in the interest of heart disease by these patients for 
each 150 persons in the poimlation. 

It is known that as many as one-fourth of the entire population of 
the cit.v calls u])on the dispensaries for medical care in a year. Ye 
may reasonably estimate that there are four times as many ambula- 
tory heart patients in the city receiving some medical care (three- 
fourths of them presumably at their own expense) as there arc jiatients 
attending heart clinics. 

Apjil.ving this ratio we should find that one person in 150 of the 
])opulation of the country is a heart patient (800,000) capable of visit- 
ing a physician’s private office or a public clinic, and that there is 
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made ose visit by these heart patients each year for each forty persons 

“ Artertirwfshonld have about 3,000,000 visits a yeat^ those at 
the public dispensaries costing the public and the patents 
a visit to provide, and the rest costing $2.00 or 

approximately $750,000 lor the dispensary visits and ” 

prLte physicians’ care or $5,200,000 tor the population of the countiy 

as a whole . . . 

The possible error of too high estimates based on experience in rsc^ 

York City is recognized, but final eorrection on the basis of moi ic i > 
records on a national basis must wuait for the distant future. It must 
be remembered that the American heart movement had its origin in 
New York City and the more the kuoivledge of prevalence of heart 
disease is developed elsewhere the nearer do other communities ajiproach 
the records of New York. 

Convalescent Care Cosis . — ^We have estimated (on the basis of New 
York City’s experience) that there may be 7,562,837 days of hospital 
care given to heart patients throughout the United Statc.s in a year, 
and about half as many if we base our calculations upon use of beds 
for heart patients in hospitals throughout the state outside of New 
York City. 

In 1923 it was foiind^" that in large general liospitals of New York 
City the average length of stay of heart patients was fifty-two and two- 
tenths days for each such patient admitted, the lengtli of stay varying 
from twenty days at Bellevue Hospital to one hundred and forty days 
at the City Hospital for chronic invalids. 

It was found in 1927"" that the average length of stay of licart pa- 
tients in 101 general hospitals in the state of New York was twenty- 
four days, varying from fourteen and three-tenths days in Westchester 
County to thirty-three days in Erie County, New Y^ork County giving 
tuenty-six and three-tenths. Taking the more conservative and prob- 
ably more representative figure of twenty-four days’ care per patient, 

to general hospitals ao- 

pied bv heart oTp t’oon- 

P } heaxt patients in general hospitals. 

L P al ‘ ^ clhsebarged from 

tieuts reguive sue), a convalesLrprto7a7do° ’r“'‘ 

2 per cent need eonvalescekl' IViof^ee t”™baWra? Zl 
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4 per cent of lieart patients attending clinics need such care for as 
inucli as six -weeks. 

Twenty per cent of lio.spital heart patients would be somewhere 
between 32,000 and 63,000 according to our basis of estimating heart 
jmtients as aboA'e. Four per cent of the probable one-fourth of the 
ambulatory heart patients attending clinics (200,000 as given above) 
Avonld be 8,000. Six weeks’ convalescent care for these two groups of 
jmtients would amount to somewhere between 1,680,000 and 2,!)S2,000 
days of convalescent care. 

This type of care costs about half as much per diem as does general 
hospital care, so the expense of such care if provided would be between 
$3,360,000 and $5,964,000. 

IVe do not know the number of days of care provided for heart 
patients in convalescent homes, but we do know-® (Bryant, Convalcs- 
ceurc, ]927, pp. 255-257) that there arc about 12,000 beds devoted to 
convalescent care for part or all of the year outside of the vicinity of 
Xew York City and about 3,000 more in the New York City enviroii.s. 
iMany of these beds are available for only a few months each summer. 
Others, though intended for use throughout the year, are not always 
occupied, and there is no reliable record of the number of bed days of 
convalescent care provided for lieart patients. 

However, since New York City’s 6,000,000 people are pretty well 
served in respect to convalescent care for heart patients by the 370 
beds in use for tliis ]iurpose throughout tlie year and used to a high 
percentage of their capacity, we might expect twenty* times as many 
beds to be needed for tiie country as a whole or 7,400 which falls be- 
tween tlie figures given above, 1,680,000 days of care calling for 4G02 
bods and 2,980,000 day's requiring 8164 beds. Our estimates of cost arc 
then within reasonable limits. 

It is fully* recognized that no such amount of care for convalescent 
heart patients is at present provided for in institutions operated for 
this purpose. However, if heart patients do not have such care in 
institutions or its equivalent under individual conditions, they* will 
suffer avoidable damage from lack of it. Therefore, this item is added 
to the total estimate as a proper charge. 

Chvfinic Sick Costs . — In a survey of chronic sickness, recently* coni- 
jileted in Boston.-' it was found that one person among every* 185 of 
the jiopulation was a chronic invalid and that 19.6 per cent of these 
were heart jmtients. of whom 30.7 per cent were persons under twenty 
years of age and 42.01 per cent were persons under forty* years of age. 
All but 30 ])er cent of all chronic heart ])atients were found to need 
care throughout the year, and it was further found tliat this was gen- 
erally provided at about one-half the cost jier patient day* of the cost 
of care in general hosjiilals. 
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On this basis applied to the United States as a whole, the estimated 
89,122 chronic heart patients needing- care the year round are probably 
costing in the neighborhood of $65,059,060.00 a year. (120,000,000 -f 
185 X 19.5 per cent x 70 per cent == 89.122. 89.122 x 365 x $2.00 = 
$65,059,060.00.) 

Assembling our variously estimated items of tlie cost of tlie medical 
and nursing care of heart patients in the United States in this year, 
we have in round numbers for those: 


A. Under care in general hospitals 

B. Under care by nursing visits in homes 

C. Attending clinics or physicians’ offices 

D. Under care in convalescence 

E. Under care in chronic stage 
Total cost for a 3 'car 


$15,617,000 to $ 30,251,000 
289,000 

5.200.000 

3.360.000 to 5,904,000 
65,059,000 

$89,525,000 to $100,763,000 


We miglit properly say that we liave estimated the above costs on 
the basis of a total of 1.148,800 to 1,179.800 heart patients of the vari- 
ous categones m a current given year or just nnder 1 per cent of 
the population as follows; ’ cent oi 


A. Under care in general liospitals 

o' nursing visits in homes 

D U?dp?“^ physicians’ offices 

B. Under care in convalescence 

E. Under care in chronic stage 


100.000 to 315,000 
27,680 

800.000 

232,000 to 203,000 
89,120 

1,148,800 to 1,179,800" 


Stitutiug the totorofhefrt paHentsf”’ «<»>■ 

Wr“up 'f^m 'tt :ado:s“.rt‘r 1 n 

lou-er of our total cost flVu' s (W 52^ 

heart patient in the United 'S.’f the aver- 

“■mual charge of $74.60 or we nlh f 
a burden of abont 75 cents 

“me'™ ■ 

was found to he $^5*38 of 
each member of «, populafn’ “ ^ *12.82 for 

“ "’US estimale*)" t«>>evcnIosis in the United StK 

amounted at tb.. . ^ shortening of life 

people of "" reduction of the averao.''! 

cost tim ?• ^ by two nJ I of life of 

lemales, the cost to 
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tliose now living in the United States from the shortening of lives hr 
heart disease will amount to !{;2U960,000,000 during their life span. 

While heart diseases cause more deaths than tuberculosis, the age of 
death for the latter is much earlier, hence the greater efTect of tuber- 
culosis deaths on the average length of life, and on the cost of tubercu- 
losis to the iiopulation as a whole. 

It has been estimated recently by Louis I. Dublin^- that the loss each 
year, on the basis of 1927 experience, due to the shortening of life by 
cancer, amounts to about .$680,000,000 which may be compared M-itb 
the estimates for the population of 1928 on the basis of the 1925 heart 
disease death rate, as presented above, $1,502,198,355, the greater 
annual cost from heart disease deaths being due to their greater fre- 
quency in the population, even though tlie largest number of deatJis 
from this cause in any one decade of life is in a later decade than is 
the ease with cancer deaths. 

It Avas estimated on the experience of 1922 in the United States that 
the annual cost of tuberculosis patients Avas probably about .$3.15 per 
cajjita of the population. It has ,iust been shoAvn that for heart pa- 
tients the entire population must bear a cost of 75 cents per capita per 
annum. This ditVerence in the cost is probably due to at least tAvo 
important factors: namely, the greater adequacy of provision for the 
medical and nursing superA'ision of tuberculosis ns compared Avitli 
those available for heart ])atient.s, and the added costs of sanitary 
supervision and isolation of many tuberculosis patients, of a kind not 
required for heart patients, except for those in certain stages of acute 
rheumatic fever and its recrudescences. 

Probably some postponement in the age of death fi-om heart diseases 
of rheumatic origin and possibly some i-cduction in the incidence of 
acute rheumatic fcA'cr miglit re.sult from an expenditure per patient, or 
j)er capita of pojndation, for heart disease more nearly equal to the 
sums found desirable for the preA'ention of tuberculosis and the treat- 
ment of the tuberculosis patient. 

The burden of heart disea.se falls more heavily, absolutely in terms 
of incidence and deaths, and relatively in terms of loss of livelihood, 
upon the unskilled Avage-earner. the under-priA-ileged man and Avonian, 
than uiion any of the higher earning or social levels of the comiminity. 

Because of its duration, heart disease. Avith the exception of tubercu- 
losis. mental alienation. a7ul certain forms of chronic arthritis, consti- 
tutes heavier burdens upon AA-age-earners than do other diseases, this 
burden increasing Avith each decade of life from tAA-enty-five to sixty- 
five. 

Gmtfful nckiiti\vI(‘t1^iiicMt i,« licrc inacle for tlip v.aliiatJc iimterial collt’f’tcd nm1 pn*- 
P'iti'il T'or a-c ill tiii.*; jaiper by Ati.«= ,7e.'-.':.nniine AVIiitney juid Honfrire A. Myers 

tif the .sf.ntr of the Aineric.nii Uc:irt A'X'ciation and by Mis..- Claire Liimc of tlic .st.nff 
of the nr;irt Cominittec of the X. V. Tuberculo.si.s :nid Health Association. 
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EXPERIMENTAL PERICARDITlS^'f 

George IIerrmaxn, M.D., axd J. H. jMusser, M.D. 

New Orleans, La. 

Introduction 

TT IS a matter of common clinical experience to have unsuspected 
cases of chronic adhesive pericarditis come to light at autopsy. 
These are usuallj- revealed without ever having been suspected, or, at 
least, without having been diagnosed or clinically proved during the 
life of the patient. In a pathologico-elinieal study of all of the eases 
of pericarditis that came to autop.sy in the Charity Hospital at New 
Orleans during a recent five-year pei’iod we' confirmed this general 
conception of the present state of our knowledge of the subject. AVe 
found that, there were no pathognomonic signs of an adherent pericar- 
dium either with or without mediastinitis, but not infrequently one or 
)nore of the classical signs was present. The presence of any one of 
these signs, we concluded, should lead to a thorough clinical study to 
substantiate or disprove the suggested diagnosis. 

Almost every physician has seen cases of unmistakable acute rheu- 
malic or tuberculous pericarditis subside and heal without leaving a 
vestige of the previous process. Often not one of the classical signs is 
discoverable even on the closest, particularly directed scrutiny. Yet 
these patients may present clinically more or less persistent cardiac 
cm bai'ivi.ssm on t, and at autop.sy lliere may be revealed a complete or 
])artial obliteration or .synechia of the pericardial cavity, with or wifli- 
out mediastinitis. A carefully elicited history is usually of distinct 
importance. It is, however, all too frequently negative. 

The multiplicity of infrequent and obscure physical signs of extra- 
pericardial as well as intrapericardial adhesions is most confusing. 
The need is appai’cnt for more reliable physical signs and graphic 
pathognomonic evidence for establishing the diagnosis of chronic ad- 
hesive pericarditis. No shadow of doubt as to the presence of peri- 
cardial adhesions should be permissible where any such heroic thcra- 
])eutic measure as surgical intervention is contemplated. AA^'e know of 
at least one instance where a patient, apparently without adequate 
study and certainly on insufucient evidence, was put through an un- 
necessary pericardiotomy. At the operation a perfectly normal medi- 
astinum and pericardial cavity were exposed. Such an error ornpha- 
.*^i?:es the necessity for more absolute criteria than we have had in the 

•Froin tli>' IV-p.-irttiK'iit of Mi 'lloltio. Tulnno Unlvor.^lty Sclinnl of ^foillcln'', N< 
Orli'Mii.". ^ 

tlO'.'uI liiforo tli<’ AP.'JOfIntlon of Aiiicrlcim riiy-'^lolans .at WnKliInqton. May 1. I?!'- 
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hbrraiann and mussek . 

mi 1 f finrUnp- further diagnostic data apparently lies onlj 
rtte mi Jt prosectioB of furftoi: oxtonBive oxperimental and 

clinical studies. 

the PEOBLEMS op CHEOSIO PIBEOtlS PEmOAHmAE ADHESIONS 

The eSeets apon the heart itself o£^ the various types of chronic 
fibLs pericarditis, that is, the pathological myocardial .'espouse to 
the different grades and types of pericardial Ics.ous and 

the functional impairment, are not definitely pstabiishe . . . 

that determine the myocardial response to chronic pencardial injuri 
and the mechanism of the same arc not yet known. In oin pat lo Ot-iO'i 
studies we have been struck with the variability in the degree ot cai’- 
cliac hypertrophy and the rarity with Avliich atrophy of the heart was 
found. The reasons for these variations have intrigued n.s.- We Inive 
calculated comparative heartweight-hodyweight ratios in the cases 
of dogs with various types of pericardial and mediastinal adliosion.s. 
We have turned to account the standards and methods that have been 
used in previous cardiac hypertrophy studies in the dog.“ 

The common type of chronic mediastinopericarditis is generally con- 
sidered to cause an undue strain on the heart, especially Avlien there is 
parietal chest Avail anchorage. The precordial framcAVorli of ribs is 
frequently removed so as to relieve the lieart from the tugging against 
a fixed, firm resistance. IVe are prone to consider this as little more 
than a first stage operation since the important intrapericardial adhe- 
sions remain. 

A complete synechia without extrapericardial adhe.sious, it is quite 
generally argued, is of no serious moment and does not iut.cvfere in 
any way Avitli cardiac function, IVith this conception Ave arc not in 
accord. The lubricative function of the pericardium is perhaps of 
little significance. The presence, hoAvcA'^er, of dense adhesions in the 
interventricular grooves, Avhere there is tlie least cardiac moA^emeut, 
is of serious moment since the major blood Amssels traA^erse these 
grooves. Contracting adhesions, by constricting the vessels, inevitably 
interfere to some degree AAuth the circulation of the heart itself. The 
peneardram IS ahvays pathologically altered by any inflammatorv 
process, andrts restraining function becomes significantly less effective 
elorme^ m 1898 on the basis of one poorly selected case, argued 

1^11,1“ 3 ?'“"^,"’' 0 l serious omban-assmont 

sml Eopavation of the parietal and vis- 

eoiiteiL,,. accomplished by open operation. His 

tentions, however, are usually discarded with the argument that the 
adhesions invariablv TPfnvyn V7 c. i y tnat the 

eessfully dissected off tho rl'i ’ + ^ recent years sue- 

immaulatriria e!rd^^^ the ventricles, in 

m the cardiac movements Thi effect 

movements. The Brauer« operation of oardiolysis. 
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Avliicli consists in tlie removal of the rigid points of fixation, has re- 
ceived much more attention. This operation relieves the embarrassed 
heart to some extent vhere external adhesions have been firm and short. 
Yet it is merely a palliative procedure and does not correct or remove 
the significant intrapericardial lesions. These latter, avo believe, are 
more significant than they are generally considered to he. 


THE EXPERIMENTAL STUDY 

For the past three years Ave have been engaged in the production of 
experimental pericarditis and the study of the clinical and anatomical 
facts gathered from these experiments. We have operated upon 125 
dog.s, but because of many technical difficulties only about half of our 
experiments haA'e yielded data of significance. 

Methoda . — Our routine progr.^m for each dog lias been rather c.xteusivc. Control 
fluoroscopic studies and rocntgenograins were made. Control electrocardiograms 
with the animal in each of the three standard positions, on the back, on the left 
and on the right side, used to determine the presence or absence and the degree 
of shifting of the electrical axis, were taken with the animal under barbital 
anesthesia. Pericardiotomy was then performed under complete general intra- 
tr.'ichcal ether anesthcsi.a, e.xcrcising at all times rigorous surgical aseptic tcclmic 
Irritating inorganic or organic compounds wore introduced into the pericardial 
sac to produce the pericarditis. The pericardium and pleura as well as the thoracic 
incision were carefully closed. Pluoroseopic examinations and roentgenograms were 
then made, and electrocardiograms in the three positions were taken at irregular 
intervals and always fust before the re-operation or the sacrificing of the animal 
with chloroform. 

The dog’s body weight was recorded and the heart carefully removed after 
milking notes of all extcriml piirietal and mediiistinopcricardial adhesions. The 
type and extent of the visceral or intrapericiirdial adhesions iind the degree of 
obliteration of the pericardial cavity were noted. The major blood vessels were 
cut short ; the heart was then washed free of blood, fixed, cleaned, and divided, at 
a later date, iiccordiug to the standardized technic previously described.-’’ The 
weights iind ratios determined were compared with the established normals.” 


THE RESULTS FROM THE EXPERIMENTS 

Clinical DaUt. — Tlio .significant data obtained from llie series of o.x- 
perimeutal animals Avill be reported upon hero in a summarized form. 
Tlie clinical, or physical, examination of the dogs yielded little infor- 
mation of diagnostic importance. No neck A'ein phenomena could be 
seen in any of the animals even on careful inspection. Ketractions oi 
the precordial area Avere very infrequent and Avere conspicuous only 
in animals in Avhich the pericardium had been securely sutured to the 
anterior chest Avail at the time of the initial pericardiotomy. The dog .s 
heart is more freely and more longitudinally suspended than is the 
human heart. The mediastinum, furthermore, is much le.ss dense, less 
firm, and less rigid than is that of the human being. This may account 
for the Ic.ssened tendency to the ])roduction of adhesions ivliich Avonld 
cause svstolic retraction. Systolic and diastolic shocks Avere often 
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FiK 1— Chronic adhesive pericarditis. Anterior and posterior views of the ex- 
cised heart of doe No. 115, with the pericardium silt and stripped back to show tin 
firmness and extent of the adhesions between the parietal and visceral perlcanliuni. 


wit^the ■peric™diSm'lpUrdiS InTn^fl 

quito forceps. ’ oack, and pulled away by the five attached mos- 

tlie Sign was absent in many dogs in wliicli complete syneeliia of the 
peiicardram was present (Figs. 1, 2, 3, 4). 
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normal dogs, and doubling the sensitivity of the string of the 'odva- 
nomcter is often necessary to demonstrate dill'orenees in the heights 
of the complexes. This in itself greatly distracts from the value of 
electrocardiographic studies under the experimental conditions. We 



Kif,'. 3.— Chronic niVicshc vcricnriVtls .nml niciUa.^tinltl.":. Antcr or 
and heart in .«itn of dop No. eiif.. showinp the extent of tlie inedla.«tlnal 
tlic parlctnl ndlio.slon.s that tlic dops in pronp IV Iiad alonp n'itli obliteration of m 
pcrioardlai cavity. 

were, able to find definite fixation only when, ext raperieardial as well 
as intraperic.irdi.nl adliesions were pre.sent. This is what one niigiil 
exjiect. It was. however, common to find some anterior adhesions ami 
complete syneeliia pericardii in dogs that had shown definite sluftm? 
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of the electrical axis. These discrepancies must be accounted for by 
the thinness of the dog’s mediastinum and the peculiar suspension of 
the dog’s heart with the long axis more nearly in a sagittal plane. 

In onr opinion, these discouraging results as to the value of the elec- 
trocardiographic sign of fixation of the electrical axis in adhesive 
pericarditis cannot be considered to hold true in the case of human 
beings. The suggestion may, however, be accepted that there is neces- 
sit.^ for caution in the interpretation of the finding of fixation of the 
oleetiical axis described by Dieuaide and Carter as pathognomonic in 
itself of adherent pericardium. The diagnosis should not rest on the 
oleetrocardiographic sign only, and, of course, this would rarety be the 
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grap]Hca]]y, by means of moving pictures and by the roentgcnograpliie 
slit method, the movement of the left heart border. Our attemp'ts have 
been unsuccessful tlius far. We have, however, noted a very definite 
change in the movements of the left cardiac border, especially in the 
region of the aurieuloventricular groove where there is normally to he 
seen under the fluoroseope the see-saAv movement with the fulcrum in 
the aurieuloventricular groove at its extreme left cud. 


THE HEART WEIGIIT.S AND RATIOS IX THE EXPERIMENTAL ANni.\LS WITH 

ADHESIVE PERICARDITIS 

Observaiwns on Hypertrophy , — The body weight of the animal ivas 
recorded. After noting the gross external adhesions at aufop.sy. the 
heart ivas removed and freed of blood. The vessels were cut flush 
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Fig-. 5, — Electrocai'dlograms of dojr No. 17C with liio Lead.'! I iici-o.>i.o the top. L>'a(l? 

II In the middle horizontal row, and Leads III in the bottom row. The first tlirrc 

columns to the left represent the titree control leads, rc.spectlvoly, taken on the hack, 
on the left side, and on the right side. Onl.v slight slilftlng is present, us evidenc'ii 

bv the sllglit differences in heights of tiie R-waves in tlie tiireo positions. Uhc three 

columns to the right represent the curves taken after tire production of a clrronlc ni’*'*’ 
astinopericarditis. It will be seen tlrat the dlfference.s In iiciglits of K-w.av.-s. e.spechiiD 
in Lead I, are imtch greater, wliich indicates oven Inci-cased sliiftlng of tlie clcctra.ii 
unrl, sui)i>osedIy also, the anatomical axl.s. 


with the auricles and the .semilunar cusps and the iieart fi.xed acconl- 
ino- to the standard formalin procedure.^ The kidneys and spleen were 


removed and their weight.s recorded. 

The heart capaeities and ventricular thicknesses were measured, ami 
the liearf was divided by the mid.septal method and by Lewis’ method. 
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of the whole heart to the body iveigbt 'ivere established. These figures 
are recorded in the aecompanjdng tables, wdiicli ivill be here summar- 
ized. 

Table I shows that there are practically no changes from the ratios 
for normal dogs in the values for the L/R ratio of the left ventricular 
weight to the right ventricular Aveight and of the total heart Aveight to 
the body Aveight (HW/BW) ratios of dogs Avith acute purulent peri- 
carditis and mediastinitis lasting from eight to three days. This indi- 





enlarged shadow of 
cardiac enlargement 


excellent control series ^ ^ogs make 


Table I 
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Table II contains the heart data from 5 dogs in wliicli there ^vero 
external adhesions but no internal fibrous pericardial bands. These 
shoM’ no conspicuous changes from tlie normal except for a .slidit 
tendency to right ventricular preponderance. Apparently tlii.s type 
of lesion embarrasses the lieart the least of any of the chronic lesions 
studied. The last two dogs were studied in conjunction with Dr. Alton 
Ochsner. These two dogs had had complete synechia, which was relieved 
by a secondary operation and the re-formation of the fibrous adhe- 
sions prevented. This was accomplished by the application of a dige.st- 
ant solution after cardiac decortication by digital separation of the 
adherent pericardial layers. The changes were not conspicuous. 

Table II 


CHROK’IC AXTERIOR yiEDIASTI.VITIS WlTU THE ErlCARI)I[;^r U.VIXVOI.VED 


xo. 



TOTAL DAYS 

L/R 

IIW/RW 

127 



51C 

1.100 

0.008.1 

128 



200 

1.07;> 

0.0092 

120 



31 

1.500 

0.0092 

122 

PO, 

d 

11 

1.329 

0.0091 

1C9 

107 

14 

121 

1.210 

0.0093 

177 

91 

+ 0 

90 

1.082 

0.0097 

Average 




1.210 

0.0092 

Ivonnal 




1,398 

0.0080 


POi — Length of time .nfter tlie first operation. 
POj — Ixingtli of time after the second operation. 


Table III shows the effect on the lieart weights and ratios of ante- 
rior mediastinal adhesions associated with partial synechia of the peri- 
cardium. Under these conditions the dogs that liad the lesions lor 
more than eighty days showed distinct cardiac hypertrophy with a 
definite increase in 'the preponderance of the riglit ventricular weight. 
As a matter of fact, in the animals that lived long there was actually 
a lai’ger right than left ventricle. 


Table III 


Partial Pekicarbial Obliteration' With Mediastisitis 


SO . 

DAYS 

L/R 

inv/iiw 


124 

130 

147 

149 

132 

1.9,5 

125 

202 

502 

OJO 

lOS 

S3 

SI 

55 

43 

34 

0.885 

0.97S 

1.000 

1.0C2 

1.3C0 

1.135 

I. 223 

J . lOl 

o.oi;;.'{ 
0.0100 
0.0130 
0.01 :!i 
0.0079 
0.0078 
0.0090 
0.0084 


Average 

Normal 


1.101 

1.398 

0.010 1 
0.0080 



Table IT presents the heart weight ratios 
complete synechia of the pericardium alon 


from dogs that had had 
g with anterior nicdia-s- 
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tinitis. These dogs slioAved the greatest degree of general hype)'ti-o])]iy 
and also right ventricular preponderance. In all instances whore the 
lesion had been present more than thirty-five days, definite evidence of 
hypertrophy was revealed. 


Table IV 


Complete Pericaudial Obliteratiok Wmi yiEDiAsnxjTi.s 


DAA"S 

l/r 

inv/BW 

DAYS 

L/II 

inv/BW 

331 

0.641 

0.0155 

42 

1.144 

O.IOOS 

252 

0.773 

0.0204 

37 

I.ISO 

0.0120 

221 

1.150 

0.0133 

35 

1.000 

0.0140 

116 

1.180 

0.0117 

33 

1.07.8 

0.0002 

111 

1.056 

0.0114 

33 

O.OO.’! 

0.00S.3 

97 

1.107 

0.0001 

17 

1.070 

0.0110 

62 

1.200 

0.0103 

IG 

1.2.50 

0.005»1 

45 

1.200 

0.0100 

13 

1.058 

O.OOSG 

Average 




1.162 

O.OllG 

Normal 




1.35)8 

O.OOSO 


Table V is made up of data from dogs that had had complete 
sjmechia of the pericardium (for varying periods of days) which em- 
barrassment was relieved by a .secondary operation done in a.ssoeiation 
with Dr. Alton Oehsuer, and the dogs sacrificed at intervals after the 
second operation. These animals showed Ics.s evidence of the cardiac 
response of hypertrophy. The results, however, though less conspicn- 
ous still correspond in general to our findings in Table VI The ani- 
mals liad for tl.e most part rolativol.v slight mcliosiioiiis ,„„i |„ 
my resembled those in Table VI. 

Table V 


table V 

Complete Pericardial Obliteration Witiioi’t svn 

.Secondarily Operated uVo™ 


o.oon.'i 

0.005)7 

0.0070 

0.007S 

0.0072 

0.0070 

o.ooth) 

O.OOSi) 

0.0080 



PO^-Lenlth of Inlr the TT 

er the second operation. 


1.12:7 

1..3S)S 


^ntci 

-^erable significance inasmucii It is of c 

Pon in association with Dr Alton 0 1 ^Pera 

e Ip m Obtaining oomplete obH^ ^’Pon 

^ediastinitis whatsoever Pf cardial cavity w 

The L/R and HW/BW ratios 
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Table YI 


Co-Mplete Pericardial Obliteration- Y'itiiout ^fEDiASTiNiTLs 


_ Wk in\'/B\v 

^ OIs O.OOSC 

f’O I.OOd 0.0123 

CO 1.3.1S 0.0120 

CO 1.000 0.0120 

37 1.200 0.0105 

31 1.100 O.00S4 


Average 

Normal 


L''ii iiw / n w 

34 1.048 O.0U84 

28 1.030 o.oon.3 

0.912 0.009.1 

2C 1.142 0.0070 

14 0.955 O.OOS4 

~ L092 0.0097 

l..'!9S O.OOSO 


similar to those of Table V and are interesting in that they show a di.s- 
tinetly less degree of cardiac hyjiertrophy and of right ventricular 
hypertrophy than we encountered when, in addition to the intraperi- 
cardial adhesions, there was also extrapericardial anchorage (Table 
IV). We did not find, however, as might he expeciod h-om clinical 
reports, cardiac atrophy. 

The averages for the heart weight ratios of the various groups are 
brought together to facilitate eompari.son of the effects of the various 
experimental procedures. 


CO.MPOSITE Table 


Experimental Perk-arditis 



l/r 

AVER.mi: 

iiw/inv 

I. Ac. Par. Per. with lUed. 

l.OSl 

0.0178 

IJ. Clir. Ant. Aled. ivitliont Per. 

1.2Ui 

0,0991 

JJJ. Part. Per. OJ)l, wjt]i Alod. 

].t0] 

0.0104 

IV. Coiiij). Per. Obi. witli iMetl. 

1.1 G2 

0.01 in 

V. Comp. Per. Obi. without Med. 

YT. Coiiij). Per. Obi. without and with 

1.092 

0.0097 

.SI. Med. — Iteoiieratcd 

1.125 

0.00S.5 

Nonuiil 

1.39S 

O.OOSO 


.sr.Af.MARY Axn CO.XCLrslO.N 


We have been able experimentally to rejn-oduce at will in dogs the 
various types of chronic fibrous pericarditis which are encounteretl 
clinically. 


The animals with chronic adherent jierieardilis presented no jiafliog- 
nomonic clinical signs, exceiit perhajis the localized systolic lugging 
in instances in which the parietal pericardium had been auclioml to 
the intercostal muscles. 

Electrocardiographic evidence of fixation of the electrical axis was. 
much to our disa])poin1ment, not uniformly present. This, however, 
may be due in part to peculiarities of the mediastinum and the midlinc 
suspension jmsition ol the heart in the dog, 

^Vfter the production of an obliterative pericarditis fluoroscopic stud- 
ies revealed a rather striking change in the character and movmmmf. 





HERRMANN AND MUSSER-: 


experimental pericarditis 


270 


of the left heart border, especially in the region of the auriculovenlncu- 
lar junction. A graphic record of tliis clianged inovcnieut may be oi 
some diagnostic significance. 

The gross pathological studies in regard to cardiac liypertropiiA 
more or less confirmed our previous conceptions. Tlie greatest degree 
of cardiac hypertrophy Avas found in tlic group in which chronic niedi- 
astinal and parietal adhesions as avcU as adhesive pericarditis Avere 
present. The tugging of tlie heart bound by fibrous bands from the 
firm structures of the chest is apparently most conducive to liyjAertro- 
phy. The dogs AAuth partial obliteration of the ])ericardial and niedia.s- 
tinal and parietal adhesions shoAved the second greatest degree ot 
hypertrophy. Complete sjuieehia of the pericardium Avitli slight or 
with no mediastinal fibrosis showed hypertrophy but of lo.ss degree 
than the other types of chronic mcdiastinopericavditis. 

The feasibility of digital separation of pericardial adhesions and the 
preA'ention of the re-formation of adhesions Ikia'c been proved, and 
clinical and pathological evidences of benefit in the exjierimcntal ani* 
inal have been noted. 
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HEAET-BLOCIC SHOWING MULTIPLE TKANSITIONS ASSOCI- 
ATED WITH CONWULSIVE SIT^COPE: EEPOET 
OP A CASE WITH DETAILED HISTO- 
PATHOLOGICAL STUDY 

Wallace M. Yater, JM.D.* 

Washington, D. C, 

AND 

Frederick A. Willies, M.D. 

Section on Cardiology 
The Mayo Clinic, Eochestbr, JIinnesota 

T^EOM time to time, in medical literatiu’e, cases of complete licarf- 
-I- block have been recorded in whicli have been demonstrated gross or 
histopatliological lesions that interfere with or completely obstruct tiio 
passage of the impulse tliroiigh the aiiriculo-ventrieular bundle (His). 
The incidence of such eases is so low that the publication of additional 
eases is justified. 

Lesions of various kinds liave been described and notable among them 
have been gummas.** ®- ”• ^*’ -*• 3^. s*. Areas of calcification 

tliat encroach on or destroy the continuity of the bundle have been re- 
corded by some observers.'* In other cases, obliterative 

disease of the branches of the coronary arteries which supply the region 
of the bundle has been described.’®* -® Fibrosis of the auriculo- 
ventricular bundle likewise has been observed.”* ’®’ •■'®* Patty in- 

filtration of the bundle, and also simple lymphoc.^’tic infiltration,” 
occasionally have been noted.^* ^® In a few cases, infarction of the heart 
near, or in, the interventricular septum has resulted in complete heart- 
block.*®* -'* Involvement of the auriculo-ventx’icular bundle by ulcera- 
tion associated with mural endocarditis has been noted.’® A few 
instances of tumors of the septum causing obstruction or destruction 
of the bundle have been reported. Tlicsc tumors compri.se endothelioma.’ 
round-cell sarcoma,®® and fibroma.’” In a few cases in which complete 
licart-block existed, a lesion of the bundle was not demonstrated.”''"' 

32, S3 

The case which constitutes the basis of this report jire.scnted some 
extremely interesting and unu.snal features. 

ca.se report 

A man aged seventy-four yc.irs presented himself for examination because of 
fainting spells. His health up to three and a half year.s before had been good. 
Previous illness of all tjpes was denied. lie had two grown children, liiing a’* 

•Work done In the Division of Medicine ami Section on P.-ithoIoglc Anatomy as a 
fellow In Tlic Mayo FoundaUon. Rochester, 3IInn. 

2S0 
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■1 n (TPiioral cxainiiiJit‘0'^ which 'vvns 
Tl.™ and a lali J'''™ "”,,al l,cnnn, the sysl.lic blood pres, ore 

eondnotod omng to tlio ' fjo, Cardiovasculnv oymploma >vcro not 

found to bo 190 and the d aotohe 11 • ,„o h„t 

ellcilod. and the patient uaa f „o,„ol„led noth .non.entar,' 

.nan.in.ti.n he began to have until Ihe tune oC 

— »e Z S: r a — L ...o on Ihnee 11 ,..,, 

' The l’olrsZl't”ra"l»t»,ted^^ The 

was slow, only 40 each m nu . o^lnrntic The svsiolic blood pres- 

r'::' CSe'ratot'^S: Z Z »- anghtl,- e,nphy.en,a,una a 

rate net. audible at the basee. Repealed "7' ■'X '' ;,,! 

hemoglobin was 69 per cent (Dare), the erythrocytes numbered 
leucocytes, 8,800 for eacl. cubic millimeter. Koentgen-ray .studies of the chest 
verified the fact of cardiac enlargement.* 

The diagnosis made was higli grade l.eart-block with convulsive .syncope, e.ssenlinl 
hypertension, and generalized arteriosclerosis. The patient died during n seizure 
of convulsive syncope. 

PATHOLOGICAL EXAMIXATIO.V 

AWopei/.— The viscera of the chest and .abdomen were e.vnmincd. Since tlic heart 
was the organ of interest, the other data will be merely summarized. The other 
organs appeared grosslj’ and microscopically nornml c.vccpt for the presence of 
a chronic cholecystitis and cholelithiasis, marked arteriosclerosis of the aorta and 
large arteries, bilateral hydrocele, and the site of an ancient right inguinal 
herniotomy with local healed fibrous peritonitis. 

The heart weighed 388 gm. On the posterior wall of the right ventricle wore two 
small "soldier's patches,” and, on the anterior surface, was a larger, irregular 
patch measuring roughly 5.0 by 1.5 cm. The cpicardial fat was norma! in amount. 
The muscle was grayish-brown, firm, and on tangential section did not show ab- 
normal streaking. The chambers were not dilated and the walls were not hyper- 
trophied. The valves were functionally normal, and the endocardium in general 
appeared normal. The foramen ovale was closed. Beneath the attachment of 
the posterior cusp of the mitral valve was felt a number of calcareous dcposit.s, 
not continuous with one another and not of largo size. Bulging out beneath the 
point of insertion of the anterior leaflet of the mitral valve in the membranous 
septum was an elongated, irregular cauliflower-like calcareous mass .pist at the 
juncture of the membranous and muscular portions of the interventricular septum 
and embedded in the muscle of the septum. The part which was visible and pro- 
3ectmg was about 0.9 cm. in diameter. When the intcrventrieular .septum was 
pa pate along the juncture of the membranous and muscular portions, this visible 
ca careous mass was felt to be continuous with a rigid deposit of calcium of .smaller 
heW Projecting mass. This rigid deposit ran toward the right .jnsl 

blminff" f TY “lembranons with the muscular portion of the septum, 

ment of ^ beneath the middle of the attach- 

mass was Velf ! side the calcareous 

point of juncture of "fl prominently beneath the 

gram of the on a «ot visible. Fig. 1 is a full-size roentgeno- 

g_^ the opened heart shomng the left side of the interventricular septum with 

‘The electrocardiographic studies are recorded elsewhere. 
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«.e calcium deposit just described. The Hue of attachment of the aortic 
IS outlined with ink. The idsiblo mass of calcium at the insertion of the anterio- 
cusp of the mitral valve is outlined in ink, while the calcium embedded in tk- 
upper end of the muscular portion of the septum is not outlined and is seen c.v 
tending across to the middle of the attachment of the right coronarv cusp of the 
aortic valve. On the right side of the pietmv is seen an irregular opacity nhich 
IS due to the calcium lying beneath the insertion of tlie posterior leaflet of the 
mitral valve. 


The mitral valve appeared normal except for its association witli these calcium 
deposits. The corpus arantii of the noncoronary cusp of the aortic valve iras 
elongated laterally and tliiekened, and gave rise to a number of small fibrous proc- 
esses. The tricuspid and pulmonary valves appeared normal. There was mild 
atheromatosis of the root of the aorta with one small subintinial calcified idaqiic, 



Pig-. 1. — Roentgenogram (full .size) of tlio opened heart through the interventricu- 
lar septum from the left side, showing the mass of calcium. The portion of the iins-^ 
which is visible to the unaided eye Is outlined with Ink. The aortic eusiis arc ame 
outlined with ink. 


0.4 cm. in diameter. The orifices of the right and left coronary arteries ajiinarcd 
normal, but beside each was a small orifice of an independent branch of each artery. 
There was moderate atheromatosis of botli main coronary arteries without iiofahh’ 
reduction of the size of their himina; the .smaller branches, however, .seemed to bo 
constricted. 

Mtcroscopicdf Eza,„i,iatwn of ihc J/carf.— Twelve blocks of tissue were removed 
from the licnrt for microscopical examination, as follows: (1) one block includiUR 
the shio-auriculnr node, which lies beneath tiie epicardimn, in the sulcus termma .s 
just below the superior vena cava; (2) three blocks through the auriculo-ventncui.ir 
'and interventricular septums to be described later, which include the man. por 
of the conduction .sy.slcm; (3) two blocks transver.sely across j 

septum on the left side near the b:.se, which include the mam ram.ficat.ons of tt, 
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left biuidle-brancli ; (4) one block from the trabeculum which corresponds to the 
moderator band of the calf’s lieart and which normally contains the single right 
bundle-branch, and (5) one block each from the base of the right anterior 
papillary muscle, the interauricular septum just below the fossa ovalis, the left 
ventricle at the base posteriorly, and the posterior wall of the riglit ventricle midway 
between base and apex. A block was removed also from the left ventricle, to be 
stained for fat. 

Transverse sections, 10 microns thick, were made at frequent levels through the 
block which contained the sino-auricular node and were stained with hematoxylin 
and eosin and with van Gieson’s stain. The endocardium and cpicardium were not 
thickened and did not show emdence of inflammation. The sino-auricular node with 
its special artery appeared normal in respect to the amount of fibrous (issue and 
the details of the specialized interlacing muscle cells. Tlie arterioles of the node 


left and 

right Coronary artery 


membranoLiS 

septam 

mitral valve 



-Sd Si - ss 

'’“•e or the blocks of tissue 1 , 2, 

"eie not thickened. There wpm 

GMcssive Til ' ' of the muscle fibers in five ■ i . ' i opted, but 

' the ivulls of the b,„,j ,^3, ..■orTnotVl f ‘ 
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" at rSa‘r:'reb*’r^" 
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tained part of the auricular and of the auriculo-Tentricular septums and in it ^vcrc 
the auncu o-ventncu^^ bundle 

His. ^ Block 2 included part of the membranous and part of the muscular portions 
of the interventricular septum in the middle area; this contained the main part 
of the auriculo-ventricular bundle and the origin of both main branches Blo^- 3 
included part of the muscular portion of the septum and the middle third of the 
right coronary cusp of the aortic valve; it contained part of the left main branch 
of the bundle. The blocks were decalcified and embedded in paraffin. The sections 
were cut 10 microns thick, and every twenty-sixth, twenty-seventh, and twenty- 
eighth section was mounted and stained with hemato.xylin and eosin; the twenty- 
ninth, thirtieth, and thirty-first sections were mounted and stained with van Gieson’s 
preparation. The intervening sections were retained but not mounted or stained 
except as desired. 



Pig. 3. — Oblique section of the .niriculo- ventricular (His) bundle between tlie 
auriculo-ventricular node and the bundle-branclies, showlnp the mass of calcium 
pressing: against it from below (x22) ; m.s., membranous septum; a.v.b., aurlcuio-vea- 
tricular bundle ; b.v., blood vessels in the bundle ; n.c.t.. new connective tissue between 
the bundle and the mass of calcium ; c.m., calcium mass. 


In all of the sections of Blocks 1 and 2 the calcium was present, gradually 
thinning out in Block 3. The heaviest deposit was in Block 1. It was about O.C cm. 
in diameter at each end, but in the middle it was more extensive because of the 
portion which protruded into the left ventricle. In the sections, the calcium in 
Block 1 was seen to be deposited mainly in the ventricular muscle, between tlic 
right auricle, above, and the ventricular septum, below, causing the wall of the 
septum to bulge out on both sides. It was prominent at the base of the aortic 
attachment of the mitral valve in the substance of wliich also was seen a little 
deposit of calcium in one area. The accumulation of calcium was irregular m 
outline on cross-section and was lobulatcd; in the main it was enclosed in a capsule 
of variable thickness composed of dense, collagenous, fibrous tissue. Trabeculums 
of this cnpsule were seen in places between lobules of the calcium The niuscula 
tissue had been pushed aside and at the edges of the deposit ^ 
peared to be compressed. In some places, narrow str.ands of muscle fibers forme 
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a Iinnd around the edge of the calcium and were surrounded by or embedded in 
flic fibrous capsule. Between tlie lobules of the calcium, here and there near the 
edge of the mass, was a patch of delicate fibrous connective tissue in which were 
a few small lymphocytes and some plasma cells; these cells were more numerous 
in some areas than in otliers. In Block 3 tlie deposit extended across the inter- 
ventricular septum at the juncture of the membranous and muscular portions and 
caused a large hump on the right side in the region of the juncture of the septal 
and anterior leaflets of the tricuspid valve. The deposit continued in Block 3 until 
it readied the attachment of the right coronary cusp of the aortic valve, where 
it thinned out and was lost just above the point of insertion of the cusp in the 
aortic ring. At the juncture of Blocks 2 and 3 the calcium deposit was about 
O.-f cm. in diameter. 

In Block 1 just at the base of the mitral valve was a large area of delicate 
connective tissue with many thin-walled vessels and some small lymphocytes and 
pla.smn cells. Wliere the calcium deposit was heaviest at the base of the valve. 


c.m 



iwcniMni' ^ V “'"'I' "" with a nttic'S'ti*” 
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in ihn f the right auricle 7 ^ coronary artery 
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usual by compact wliorl-like masses of small Purkinjo fibers with a delicate inter 
stitial^ fibrous connective tissue. One large artery and a number of sm.allor „nc< 
were in the node. In the region of the eight hundred seventy-fourth section tl.o 
node passed into the bundle of His and the fibers became more nearly pamllc! 
The calcium now came to lie more below than on the left side of the bundle, but the 
latter was for a distance still on the right side of the central libroiis body. l,, 
the first sections of Block 2, the bundle was longer transversely tlian from above 
downward (Fig. 3). It contained several small blood vessels cut traiisvcrsclv. 
Below the bundle, and nearer the left side, the caleiiim was separated from the 
bundle by very little fibrous tissue and a bit of the calcium projected slighilv 
upward into the bundle. Just to the right of the projection was an area of delicate 
connective tissue containing a number of thin walled blood vessels and some phisina 
cells and small lymphocytes. The deposit of calcium was now pushing out the 
membranous septum toward the left. A little farther along the area of delicate 
connective tissue became larger and was interposed between the calcium and the 



Fier. o.~Cross-scction llirougrii upper portion of Intervontricular .«eclion .‘•liowinc 
the end of tlie crus comniunis and the loft bundle-branch in relation to tlio iimss of 
calcium (xl2). m.s., membranous .septum; a.v.b., bvindle of Hl.s, consldcrabl.v llbrotlc: 

Lh.h., loft bundle-branch, tlie upper portion of which is Invaded and .almost re- 
placed by fibrous connective tissue; c.tn., calcium mass; m.iv.v., muscular portion of 
interventricular septum. 


bundle. The sniall lymphocytes were at first more niimoroiis. Soon, however, (ho 
plasma cells became more abundant and the small lymphocytes scarce. The I’urkiiijc 
fibers of the bundle were considerably shrunken and distorted due to decalcificatifii 
and fi-ving, but otherwise appeared normal. Between the sixty-third and fouf 
hundred third sections of Block 2, the bundle c.xpandcd tow.ard the right and gave 
origin to the right main branch (Fig. 4). The branch itself, however, was tr.acc;ilii<‘ 
only as far as the right side of the hump formed in the wall of the rigid ventricle 
by the mass of calcium where its pathway seemed to be obstructed by dense 
tissue. Between the two sections mentioned, the main bundle became prngressiveh 
flatter, as though compressed from below by the calcium mass. Also if hceame 
niorc fibrous and was replaced, at its left side, first by fibrous tissue and then hy :i 
nodule of calcium. In sections near the three hundred sixt.v-first the hiiiidle was 
very flat, very fibrous and almost obliterated. From the four hundred fourth .n-cti"n 
on,' the bundle passed through the membranous septum to the left side, forming 
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• n. it Hv in the base of the membranous 
at first the triangular crus ^ t,,c subjacent ventricular muscle 

septum. The crus eontained a large number of round spacer 

by the calcium; it was at its base adjacent to 

eJidently blood channels. The fibro but this increase in size 

the calcium mass. The bundle beca elements became scantier, 

was due to a greater fibrous conte , through 

The origin of the left main branch . beginning of the left main branch 

several hundred sections. The ^ ^ tbe time the six hundred fifty- 

-e to be invaded by a few become replaced almost entirely by 

second section was reached, the bm 

fibrous tissue and the ongm ^.^ntaiiicd nianv relatively large blood spaces 

fairly delicate connective tissup n Prom' this point on, the left branch 

::^r « -^^Of ::d limw the mass of calcium until it was 


f.ai^b. 



Fig. G. — Greater magnifleation (x33) of portion of preceding section .showing the 
flbrotic bundle of His, f.a.v.h.j the large area of delicate connective tissue through 
which the left bundle-branch, f.l.b.b., passes; and the calcium mass, c.m. 


no longer present in the sections beyond the four hundred ninety-sixth of Block h. 
The left branch itself appeared normal. The deposit of calcium in Block P, was sur- 
rounded by a thicker capsule of dense fibrous tissue, which extended downward 
for a distance into the ventricular muscle. 

Of the two blocks of tissue removed from the left side of the interventricular 
septum near the base and cut transversely, that nearer the right (Block B, Fig. 2) 
showed the fibers of the left bundle-branch at the point where they were spreading 
out. In these sections the Purkinje fibers were seen both in transverse and 
longitudinal section, directly beneath the endocardium, and appeared normal. 

The transverse sections of the moderator band failed to reveal any recognizable 
elements of the Purkinje system, that is, the right bundle-branch.' But in the 
o^^pT^^ anterior papillary muscle, two bundles 

hree embedded in a 

b.t the ir. I ? rr“‘"' ’“™nl 

g amount of fatty connective tissue was distinctly abnormal. 
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Tlie sections of tl.e interauncular septum and t)ie right and left vcntridcs- 
showed the cardiac muscle fibers to contain considerable lipochroinatie uiement at 
the nuclear poles, more marked in the ventricles than in the auricles. There ivas 
no increase in the interstitial connective tissue and there were no areas of tihro^i« 
The walls of the arterioles were not appreciably thickened nor were the Imnina 
narrowed. The section stained with Sudan III showed a slight deposition of small 
fat droplets in the muscle fibers. 


Siimviarij of Pathological Examination . — Tltorc was a bar of calcium 
extending acros.s the interventricular septum, at the juncture of the 
membranous and muscular portions, and emboclded iti the upper edge 
of the ventricular musculature. A large portion of the bundle of lli.s 
•was invaded by fibrous tissue, some plasma cells and small lymphoeyte.s, 
and was almost obliterated in part. The origin of the right, bundlo- 
branch was quite fibrotic. The origin of the left bundle-branch passed 
through a large area of relatively young fibrous connective tissue. The 
conduction system apparently was not entirely interrupted at any point 
but its function was certainly markedly impaired by the invasion of 
fibrous tissue and probably also by compression from the mass of cal- 
cium. The cardiac muscle fibers contained polar lipochromatic material 
but there was no fibrosis, very little fatty degeneration w'ns present anti 
the arterioles were not appreciably thickened. 

Comment . — The frequency and tlie severitj' of the seizures of convul- 
sive syncope wore prominent features of this case. In several of the 
attacks, death appeared to have occurred but temporary recovery emsuetl. 
From the time that death appeared imminent until death actnally oc- 
curred, a period of fifty hours elapsed. 

During one of the most marked seizures, complete cardiac asystole 
occurred for ap])ro.\imately four mitnitos. This seems almost nnbo- 
licvable but is proved by the continuous elect rocardiograpbic records 
obtained. A somewhat comparable example of prolonged asystole is 
found in the case reported by Levine and hlatton in which ventricular 
fibrillation and asystole occurred for five minutes. 

Ventricular asystole occurred at times associated with bigli grade 
block, on one occasion to a degree of 64 :1 and again in association witii 
complete cardiac asystole. 

The correlation in this ca.se of the clinical features and the iintho- 
logical observations is of eoTisiderablc interest. 

mSCUSSION* OF ELECTROCARDIOGRAMS 

The electrocardiograms in this case revealed multiple transitions 
which ranged from periods of normal sinus rhythm through varying 
grades of block, to remarkably long periods of complete cardiac a.sy.stolc. 

At the time of the admission of the ])atient to the ho.sjiital. 3:1 
partial heart-block was ju’c.sent (Fig. 7). The ventricular compouont.s 
in Leads I and II arc normal in appearance, hut in Lead III the 
complexes are of very low amplitude and arc notched. 
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On the following day (Fig. 8) 2:1 partial block -was detected. The 
similarity of the general features between this electrocardiogram and 
the one obtained on the preceding daj’- is apparent. 
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data; even though tlie auriculo-ventricular bundle was extensively in- 
volved, It was still able to conduct impulses in a normal manner for short 
intervals. 



FIS’. 10. — This record was obtained tlie same day (Fig'. 9) and portrays sinus rhytiini 

with periods of block. 


The succeeding records (Figs. 11 to 26) were obtained about a weeh 
later, during the time when the seizures of convulsive sjmcope were 
extremely numerous. They were all taken in Lead II and are continuous 

strips. 

All degrees of block are shown. In Figs. 11 and 12 are seen records 
of complete heart-block with varying ventricular complexes, indicative 
probably of changes in the point of origin of the idioventricular rhythm. 
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T Ifi. 12 is sho™ the onset of a long period of vcntrienlal' asystole 

, t Iir* 02 -1 In one clceti'oeardiogram, a period of 61 :1 
with high grade block, .i. of the P-waves and the 

block occurred. The diminution m the amplitude of the 

associated arrythmia are shomi in Fig. 1 • 


Eiff. 11. 


rig. 12. 



Fig. 13. 



Pig. 11. — This record, and the following sixteen records, obtained abont n wook 
later than tliis one, are continuous strips taken in Lead II. Tliey sliow many transi- 
tions, with some rather unusual features. In this recoi'd is shown complete lieart-block 
with temporary aberration of the initial ventricular ■ complexes. 

Fig. 12. — ^This record is similar to the preceding one and shows the on.sot of a pro- 
longed period of ventricular asystole. 

Fig. 13, — This record exliibits a series of auricular waves onp'. 



Fig. 15. 
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ventricular activity is shown in Fig. 15 The 
eoveiy. ’ ^ ^ P™™’ 0* Pigk S^de block with re- 
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Remarkably long periods of complete cardiac asj’-stole are recorded 
in Figs. 19 to 24, and long periods of ventricular asystole with high 
grade block, in Figs. 25 and 26. 
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Fig. 16. — This record shows a long period of ventricular asystole with only occa- 
sional P-waves. Some of the first Irregular undulations are probably artefacts. 

Fig. 17. — ^Thls record shows continued ventricular asystole with only three auricu- 
lar waves, occurring irregularly. 

Fig. IS. — This record shows ventricular recovery. 




Fig. 20.— This record is identical in character with the preceding one but succes- 
sively continuous in time. 

Fjg, 21.— This record shows the continuation of complete cardiac asj stole. 


The high grade block exhibited at times in this case is not unlike that 
seen in the dying human heart. Under conditions of impending death, 
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fat aomc of the p— a 
"in this case svere. in part at least, influenced by asphyKtal 


states. 




7ig. 24. 




Fig. 22. — This record shows complete cardiac asystole and one peculiar dcllcction 
which may represent an attempt at ventricular activity. 

Fig. 23 — This record shows complete cardiac asystole, Tlie sllglit deflection shown 
appears to be an artefact. 

Fig, 24. — This record shows temporary ventricular activity. 




Fig. 25. — ^This record shows 10:1 block. 

Fig. 2B.-This record likewise shows high grade heart-block. 
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THE DISTOETION OP THE ELECTKOCARDIOGEAM 
BY AETEPACTS* 


Jajies W. Esler, M.D. 
Wasiiingtox, D. C. 

AND 

Paul D. White, M.D. 
Boston, ]\Iass. 


A ETEFACTS of various kinds are encountered in vaiying degrees 
-ti in any large series of electrocardiograms, tlieir number depeiid- 
ing in part on the accuracy of the technic emploj^ed and in part on 
the types of idividuals electrocardiongraplied. To those of wider ex- 
perience such artefacts are usually readily recognizable, but to those 
wliose experience has been more limited, they are a frequent source 
of perplexity in the interpretation of the tracings. In a rather large 
percentage of the electrocardiograms that liave been referred to this 
laboi’atory for an opinion, artefacts have been found responsible for 
the difBculties that have been met in their analysis. For this reason 
we believe that a brief account of our experiences witli electrocardio- 
graphic artefacts may prove helpful. This experience we are sum- 
marizing in this paper. 

The literature makes little mention of the distortion of the electro- 
cardiogram by artefacts, althougli certain writers, in particular S. 
Calvin Smith, f have illustrated a number of them. Texts on electro- 
cardiography, as a whole, devote verj^ little space to the subject. 

We have examined the 15,600 electrocardiograms^: that have been 
taken in this laboratoiy during the past several 3 "ears, and have se- 
lected those showing artefacts. These we have divided into several 
groups, depending upon their cause, and have chosen one of the most 
typical from each of the more important groups or subgroups for 
illustration. 

Artefacts are usualty about evenlj’- divided between those of intrinsic 
origin, that is arising within the individual himself and those of ex- 
trinsic origin, that is, arising from instrumental factors outside of 
the bodjL These intrinsic and extrinsic factors are in turn divided 
into subgroups. 


‘From the Cardiogrraphic Laboratory of the Massachusetts General Hospital, Bos- 
ton, Mass. _ 

tSmith, S. Calvin: Heart Records, Their Interpretation and Preparation, 

P. A. Davis Co. ^ t 

iThese electrocardiograms were taken with the string gaivanom^er manufacture 

by the Cambridge Scientific Instrument Company of Cambridge. England, in 19 
Ome observations in this paper refer to the string type of galvanometer but are also 
applicable In part to other types of galvanometers. 
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A. INTRINSIC FACTORS 

The intrinsic factors are in the main due to somatic muscular activity. 

1. Muscular Coniractwns . — ^^Vhen there is a single contraction or 
movement of a large skeletal muscle or group of such muscles, there is 
often a considerable effect produced uiion the string of the galvanom- 
eter. Depending upon the movement various effects arc recorded, 
from’dlie raising of the base line to simulate a P- or T-wave or a QKS 
complex to the forcing of the string beyond the limits of the photo- 
graphic field. In Pigs. 1, 2, and 3 this condition is illustrated: as a 
single muscle movement in Fig. 1, as a recurrent facial, arm and 






involving the armTInd (Lead Ii) due to 

'iMtrocardio! f to intern -ot «’ WBltilled 

ae toeettn® been e «'e individnals 

tte nearer to fte ei?'; The lat “'T™' 

its contraetion.' « the distortio’.'; “.7'° 'T' 

the ™„et f 


298 


THE AMERICAN HEART JOURNAL 


This is the result of the fine rapid action of fibers in the somatic inus- 
culatiu'e from the tension of nervousness or lOTertliyroidism or actual 
spastic contraction. It is at times present to an extent sufficient to 
mask the cardiac deflections. 



Fig:. 3. — ^Artefacts due to paralysis agritans. Tiie coarse skeletal muscular move- 
ments occurring about five times a second caused striking regular wide deflections of 
the base line, at times bur.ving: the auricular and ventricular deflections, but at other 
times the QRS group can be easily made out superimposed on the artefacts. At the 
end of the record auricular flutter is simulated. 



Fig. 4. — ^Electrocardiogram showing marked somatic or “nervous” tremor 
ing all three leads. In Lead I it is particuZariy difficult to distinguish any deflections 
of cardiac origin. 


3. Sigh Resistaoicc With Loose String . — In some cases in Avhich the 
so-called skin resistance is high, the .string of the galvanometer must he 
loosened excessiAmly to allotv proper standardization, a deflection of 
one centimeter for one millivolt. The degree of loosening may result 
in a marked deformation of the deflections, and sometimes in such 


esmb and white: wktoiitiox OV ElA:.'TllO<'AIIl.|tl.:i>A>. -’:19 

cases an ovevsl.ooting o£ ti.c siring aiso Dccnr.s._ Tills 
imcormnou and an example is shown in hig. o. II marhe. . I n 
fomity of QES or T-waves may sinuilalo somo iniporlant pnllioloiru.i 
conditions, like iutravenlnculnr block or the abnormal T-wavc 
coronary disease. It sbould also bo obser\m(l Unit In^di ro.sislaneo 
(over 2000 ohms) freijnently oriirinatos not in the imlividiia). )m( m 
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is maintained. This neutralizing or exaggerating effect of polarity is 
largely avoided by the use of nonpolarizable electrodes, hut for prac- 
tical purposes polarizable electrodes may be employed, with only oc- 




D. 


Fig. 6. — Electrocardiograms (A, B, C, and and 

tiirhances of the base line due to induction from outside currents at varjung^ rates an 
st?eS i and H represent short intervals of artefact due to the ringing of a teR 
phone hell. B and G represent constantly recurring: distortions, at a cjcle of 1 P 
second in B and of 60 per second in C7. 

casional distortion of the electrocardiogram, provided the surface con- 
tacts between patient and electrodes are large. Nevertheless it is im- 
portant always to he on guard against the artefacts due to polanza- 
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tion in using polarizable electrodes. Pig. 5 illustrates this artefact as 
well as that resulting from too high a resistance. 

In addition to the high resistance and polarization of the electrodes 
there are a number of other important extrinsic causes of artefacts. 

2. Outside Current (Induction ). — In Pig. 6 is illustrated a type of 
artefact occurring much more frequently in the past than at present 
when electrocardiographic equipments are better constructed and pro- 
tected. It is produced by the effect on the string of an outside cur- 
rent, for instance from a ringing telephone or an adjacent x-ray 
machine. A series of regular waves is produced, at times so marked 
as to be easily recognized, but in some instances more confusino- be- 
cause only the base line may appear to be affected. Pour types of 
varying rate and amplitude are illustrated in Pig. 6. 
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4. Reversed Elccirodes.~lt the lead wires are not properly applied 
a confusing picture may be produced.- Thus in Fig. 8, in Avliicli this 
error has been made, it Avill be seen that a reversion of the leads ex- 
plains the difficulty. The wires attached to the terminals of the right 
arm and left arm have been reversed, resulting in Lead I being 
recorded upside doAvn, Lead III being recoi'ded in the place of Lead 
II, and Lead II recorded in the place of Lead III. 

L/eaa 



Fig-. 8. — ^Artefact in electrocardiogram due to crossing of leads. The right and 
left arm wires were wrongly attached (reversed), resulting in inversion of Lead I 
and transposition of Leads II and III. Right bundle-branch block is present, hut at 
first glance in the uncorrected record the interpretation appears confusing. Tlie in- 
version of P in Lead I helps to reveal the error. 


5. Coinjjosiie Electrocardiograms. — Fig. 9 illustrates a double electro- 
cardiogram. The leads Avere applied to a child Avho AA^as held by the 
mother in her lap during the taking of the tracing. As Avill be seen 
the mother’s heartbeat is recorded along Avith that of the child. 

In addition to these artefacts there may occur a fcAV others. At 
times at the beginning of a tracing the time marking Aidieel, if such is 

*Error in the wiring of wards by electricians may result in this same artefact 
even though the electrodes themselves appear properly applied. 


(Inverted) 
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n^tufflde,:^ miccl, .ho phite will move 
falter than its accustomed rate for a short interval, rcsiillnis m Ihe 
widening of the time markings and a distortion of the tracing, i 
further distortion of the electrocardiogram may come from ivregulai 
movement of plate, or roll of paper or film, in the camera due to in- 
correct working of the meeliaiusm. This, of course, can almost always 
be easily detected.'* 

Artefacts due to inexact staudardixatiou are, of course, not recog- 
nizable in themselves on inspection of the electrocardiogram but com- 
parison of several records from the same paiicut, perhaps taken on 
different occasions, will reveal this error. Aatnrally one assumes lliat 
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composite electrocardiofirraiiis of Load I of infant and of 
Kilby's arms witli licr own liand.s. Tlic cliild's ventricular oom- 
^ mother's M. The auricular denocllon.s are not evident. 

The infants heart rate was 180 per minute and tlie motlicr’.s 100. 

this type of artefact is routinely guarded against at the time llie elec- 
trocardiogram is taken. 

Of comse there may also arise errors in pliotograpliy, recording. 

and filing, but these are simple and quickly recognized and need not 
concern us further. 

SUMMARY 

with which the electrocardiogram may he distorted hv 

clinical worfr ^'^'^^espread use of tlie galvanometer in 

We h ’ consideration than is usually accorded it 

kave dti fa aem IT ”” 

trinsic in orkir 7 ^ . T° “"5' bu intemsiu or e.v- 

heen added. ’ «'» ®ore important artefact., have 

™tlerl„a a„e to ca.-W tap,., .,1,00 „,. 



304 


THE AMERICAN HEART JOURNAL 


Artefacts of intrinsic nature may arise from single contractions or 
movements of skeletal muscles, from repeated contractions of such 
muscles, as in a tic, from paralysis agitans, and finally from the ten- 
sion of muscles constantly in contraction (called somatic tremor), as 
in nervous or liyperthyroid individuals. The high resistance of the 
subject or of the instrument itself may also give rise to artefacts due 
to the inertia of a loosened string. 

Artefacts of extrinsic origin include those due to high resistance, 
polarization of electrodes, outside current, faulty contacts, reversed 
leads, composite electrocardiograms, and errors in photography or in 
the manipulation of the time marker. 



heart MURMURS: THEIR INCIDENCE AND 
INTERPRETATION 


J. Heyward Gibbes, M.D. 

Columbia, S. C- 

T AENNEC’S experience with heart murmurs may be said to 
L the confusion and uncertainty that have surrounded this subject 
since the great Frenchman devised the stethoscope and made it pos- 
sible for us to hear the sounds that are generated over the precordium. 
It is said that in the beginning he looked upon all of the murmurs that 
be heard as indicative of disease of the cardiac valves. But after fol- 
lowing many of the patients in -whom he had heard such murmurs to 
the autopsy table, and finding no anatomical confirmation of his ante- 
mortem impressions, he concluded that murmurs over the heait were 
entirely without significance.^ We know now that both of his con- 
clusions were wrong ; that some of the murmurs are indicative of 
defects in cardiac structure; that many of them point to no such 
defects, and that careful examination and discriminating judgment 
•will enable us properly to differentiate them. 

In my work as a consulting physician I became impressed with the 
frequency with which innocent murmurs over the precordium rvere 
interpreted as indicative of cardiac pathology, and the patients re- 
duced to the unhappy state of cardiac neurasthenics. This unfortu- 
nate state of affairs -was not infrequently encountered after routine 
examinations for life insurance, healthy applicants leaving the exam- 
iners hands with their attention attracted to their hearts for the first 
time, and with a fear of heart disease fixed upon them. Other pa- 
tients were seen who had been advised of these murmurs’ following 
examinations that had been made in the course of trivial illnesses, 
and who had had unnecessary physical restrictions placed upon them 

ecause of the assumption that the murmurs demanded protection of 
the heart muscle. 
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of the heart valves, those engendered by a disease of the aortic arch, 
and those indicating a persistence of embryonic openings between the 
chambex's of the heart or a persistent ductus botalli. 

11. Accidental Mnrmurs.—Under this broad heading were classed 
ail murmurs which were iuterjxreted as being without significance of 
organic change in the structure of the heart valves, and not depend- 
ent upon any foi’in of congenital heart disease or abnormality in the 
aortic arch. These mui-mui-s xvere subdivided as follows: 

1. In tra cardiac accidental murmurs. 

2. Extraeai'diae accidental murinui-s. 

Tlie intracardiae accidental murmurs were looked upon as those 
which probably found their origin inside of the heart as the result of 
a dilatation of the xmlvular i-ings (inorganic murmurs), because of a 
change in the quality of the blood (hemic murmurs), or because of a 
deformitory of a valvular orifice i>roduced b.y a displacement of the 
heart, as in pleural effusion. The extraeardiac murmurs were re- 
garded as arising outside of the heart and were clearly demonstrated 
to be dependent upon some ixhase of respiration. Under this head 
one murmur was designated as pleuropericardial because of its super- 
ficial, scratchy character and its persistence in all phases of respira- 
tion. 

The criteria for the grouping of the murmurs were as follows: 

1. A careful historjq with emphasis on the past or present occur- 
rence of cjmnosis, dyspnea and edema, the rheumatic triad, and 
sjqxliilis. 

2. The time and quality of the murmur and its transmission, if any. 

3. The association of the mui'inur with thrills, accentuation of the 
second sounds, and the height of the systolic and diastolic ai'terial 
pressures. 

■ 4. The presence or absence of anemia. 

5. The presence or absence of cardiac hypertrophy as determined 
by percussion and roentgenographic study. 


Table I 


Total number of eases examined 
Murmurs heard in 
Accidental murmurs 
Organic murmurs 

Mitral insufficiency 

Mitral stenosis 

Aortic insufficiency 

Dilated aorta (3) Aneurysm (1) 

Congenital heart lesion 


PER CENT 


1166 

166 

14.2 

127 

10.9 ■ 

39 

3.3 

15 

1.3 

8 

0.7 

10 

0.8 

4 

0.3 

2 

0.2 
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It .vill be noted from Table I that accidental murmurs u^ere heard 
in 10.9 per cent of the patieirts examined. Potainr the great Frene i 
cardiologist, reported an incidence of such murmurs in 12.5 per cent 
of all of the patients seen in his hospital semdee. hie found them with 
especial frequency in association with exophthalmic goiter, chlorosis, 
and the acute fevers. Thayer^" reported murmurs of this type in 56.4 
per cent of patients in the first decade of life, with a gradually dimin- 
ishing incidence according to decades up to the fourth where he found 
murmurs in 19.2 per cent. These figures certainly tend to emphasize 
the importance of the subject. 

Table II 


PER CENT 

Total number of murmurs 

166 


Accidental murmurs 

127 

75.6 

Mitral insufficiency 

15 

n.o 

Mitral stenosis 

8 

5.0 

(Total mitral murmurs 

23 

13.9) 

Aortic insufficieucT 

10 

6.0 

Dilated aorta or aneinysni 

4 

2.3 

Congenital heart lesions 

o 

1.2 


111 Table II we see that 75 per cent of the murmurs heard over tlie 
precordiuni in this series are of no pathological significance. This 
should serve to emphasize the very great care that should be exer- 
cised before a murmur is interpreted as indicative of a cardiac lesion. 


Table III 
Sex Incidence 


NUMBER 


Males 

Females 


per cent 


46 

81 


37 

63 


murmurs were lieurd almost twice as 
females as in males. Of the 1166 patients examined 

f-quouc,; iu 


Table IV 


Incidence 


OP Accidental Murmurs According to Decades 


decade 

First 

murmurs 

per cent 

NO. OP 

patients 

per cent 

Second 

Third 

Fourth 

Fifth 

Si-Kth 

Seventh 

Eightli 

0 

11 

43 

33 

21 

10 

0 

1 

2.5 

8.6 

33.0 

26.0 

16.0 

.8.0 

4.0 

0.5 

27 

103 

269 

265 

207 

154 

110 

31 

11.0 ■ 
10.7 

16.0 

12.0 

10.0 

6.5 

4.5 

3.2 
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The figures hi Table IV show both a relative and an absolute maxi- 
mum ineidenee of accidental murmurs in the third decade- but it 
seems to- me that the most important showing of all is that these mur- 
murs maybe encountered in any decade of life, and that we should be 
ever on guard to interpret them properly. 

Table V 


Site at "Which Accidental Murmurs Are Best Heard 



NUJIBEK 

PER CENT 

At the base of tlie heart 

61 

4S 

At the apex of the lieart 

2S 

23 

Audible at apex and base 

99 

78 

Equally at njiex and base 

34 

26 

Audible at aortic area 

6 

4 

Total heard at base 

107 

84 


Table V serves to stress the importance of tlie well recognized fact 
that accidental murmurs are most often lieard at the base of the heart. 
In only 16 per cent of the eases were tlie accidental murmurs heard 
at the apex alone. It might be said with propriety that a systolic 
murmur at the base of the heart should be considered innocent until 
proved otherwise. 

Table VI 


Time .iVNd Quality op Accidental Murjiurs 



NUJIBER 

PER CENT 


Systolic 

127 

100 


Diastolic 

0 

0.0 


Soft 

88 

70.0 


Loud 

35 

27.0 


Musical 

17 

13.0 


Superficial 

10 

8.0 


Scratchy 

1 

0.8 



Table VI shows that all of the accidental murmurs were systolic in 
time. Diastolic muTmurs of this type are said to occur/ but I failed 
to find a single instance in this series. The great majority of these 
murmurs are classed as soft, but the loud, musical, and superficial 
ones are sufficientty numerous to keep us from generalizing as to the 
significance of these qualities. It is well known that the qualities of 
murmurs that are found in association with organic valvular disease 
vary tremendously and have little significance, especially as regards 
loudness and softness, or more properly, the intensity of the murmur, 
and this seems to apply equally well to the accidental murmurs. I 
should say that the quality of a murmur is no criterion for decision 
as to its accidental or pathological generation. 

It is well known that in contrast with organic murmurs the acci- 
dental ones are not well transmitted in any direction. Of the 12 acci- 
dental murmurs in this series that were transmitted toward the axilla 




GIBBES : 


■HEABT murmurs 


.309 


Tabl® VII 

Transmission of Accidental Murmcrs 

number cent 

To axilla from apex 

U-pward from the base : 


from the apex, 10 of them were of the cardiorespiratory type with the 
murmur definitely dependent upon a phase of respiration, 1 of them 
was classed as a hemic blow in association with a hemoglobin of 6 
per cent, and 1 as an inorganic mnrmm- in connection with cardiac 
hypertrophy and dilatation resulting from a long-standing hjqierten- 
Sion, the patient having a systolic pressure of 180 mm. and a diastolic 
pressure of 120, mm. The murmur which was transmitted upward 
from the base was regarded as an inorganic one due to relative nar- 
rowing of the aortic ring in association with a pronounced hyper- 
tension. 

The pulmonic second sound was found to be accentuated in 5 in- 
stances, or 4 per cent of the cases, in wdiich accidental murmurs ivere 
heard. Three of these patients showed relatively insufficient myo- 
cardial function in connection with hypertension, adiposity, or both, 
and one was found in association with a pleural effusion. In all of 
tliese eases sufficient cause was found to account for an increased pres- 
sure ill the pulmonary circulation -without the existence of an organic 
valvular insuffieieney. In one case no explanation could he offered 
for tlie accentuated second sound. These figures serve to emphasize 
the importance of an unacceiituated second pulmonic sound in estab- 
lishing the innocence of preeordial systolic murmurs. 


Table VIII 

EnlxWgejient op Heart and Aortic Dilatation in Association With 
Accidental Murmurs 


number per cent 

Cardiac liypertvophy 11 oTi 

Aortic dilatatioD 5 4 0 


axiom cardiac murmurs it may be accepted as an 

of r “ 1 r 

,v ere rtJ iB in acnte YaWnlar dis- 

toi fllTl * 'V long enough 

of Hie heart ansXt *» P'o-inM hypertrophy 

OBSociation ,vith tell T7"’ I’yPontrophy may be found in 
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inia;^ in 1 to extreme adiposity, and in 1 to a long neglected pleural 
effusion. Hypertension was regarded as the explanation of all of the 
instances of aortic dilatation. In other words, an adequate cause, 
other than an organic disease of the heart valves, was present to ac- 
count for the enlargement of the heart or the aorta in all the cases so 
grouped. 

Table IX 


Classification of Accidental Murmurs 



number 

PER CENT 

Intracardiac 

36 

28.3 

Inorganic 

12 

9.4 

Hemic 

21 

16.0 

Cardiac displacement 

3 

2.3 

Extracardiac 

91 

71.7 

Cardiorespiratoiy 

90 

70.9 

Pleuropericardial 

1 

0.8 


Table IX shows the great preponderance of cardiorespiratory niur- 
mux's over accidental mui’iniu’s of other types. It is fortunate that this 
tj’’pe of murmur is the most easily differentiated from murmurs arising 
from valvular heart disease. These murmurs can be clearly related to 
the juxtaposition of the lieaid and lung, disappearing on some phase of 
respii’ation, being moi’e clearly heard at the base than at the apex, and 
tending to diminish in intensity or disappear with the patient in the 
upright position. The so-called hemic murmurs should likewise give 
rise to little confusion when their association Avith more or less pro- 
nounced anemia is kept in mind. The inorganic type of accidental 
murmur requires more careful differential study for its recognition, 
and its practical importance as an accidental muiunur is not so great, 
as it is ti’ulj^ indicative of cai-diac embarrassment and must be looked 
upon as significant. 

Table X 

Relationship of Accidental Murjiurs to Body AVeight 



NUMBER 

PER CENT 


Underweight 

84 

66.0 


Normal weight 

21 

16.0 


Overweight 

22 

17.0 



As would be expected, accidental murmurs are most frequently 
heard in patients Avho are beloAV their optimum iveight, for the as- 
thenic type of person, Avith the long and narroAv chest, has the left 
border of the heart and the anterior lappet of the left lung m close 
apposition. These are optimum conditions for the generation of car- 
diorespiratory murmurs ; but it is important to remember that such 
murmurs are to be heard also in patients who are at or above their 

proper Aveights. 
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Tabta: XI 

Blood Pkkssuut-:, Pulsk and Hkmooloiun 


NUMiiKK ri;i! ('i;nt 


Blood pressure 


Below 111 iiiiu. svstolic 

16 

36.0 

Above 130 luin. svstolic 

30 

23.0 

Normal 

6‘J 

41.0 

Pulse 

70 to 00 

(56 

r»i (i 

Below 70 

0 

7.0 

41.0 

Above 00 


Hemoglobin 

Below 7 ~) per cent 

41 

sSG 

•!2.(t 

(57,0 

Above 74 per cent 


T.e blood pressure and pulse rale seem lo l«. ).™elieallv uiilelale.l 
0 the incidence ot aceideutal I, earl miinmirs. Tlie exee|,ti„n to tins 
atemeiit is in the fact that loiig-standinp li.V|>ei lensioM brinsrs iilmiit 
ehanges ni the heart and aorta that produce ninnnurs of the hior- 
vane,,. Accidental murmur., are no, beard "rerr 

it 51 per cent of he ,? , '''"’il" 

naturally c.vpect to fiiiT'','" ^"■<»lOlllleed anemia ,ve 

these statistics .show that G7 Ter ' Pfceordiiim, bn, 

murmurs had iioZmt 

aeut, a diagiiosTTroTa'nic' h^'f”!""' P'U' 

tasis of the mum, nr aloT. In Jl J'ZZ "" 

of the cardiorespiratory type ,„,i ,, ■ '''' '"Urtniirs were 

ily avoided. ' ' "" ■'"'t'uke should have been on,. 


^UAUUUSlOiVS 

1- III 1166 pafientc 197 • i 

d;:r '* =: :xr 



'»»-ta.tlis per c il;;f iu relativel, rare V 

portropliy r ° “ ^ P'-- “'It npwardl^T ' "I™ "■'‘"“"""ocl lo 

per Za:r, 

count for tu i every inQfn '• in 

''ypertroph,, f P^'^^Phy “'’'Pand'ently'oTTre " *” 

• ^ p- 01 orgauicT::yiv;;:::;x'.'- 



312 


THE AMERICAN HEART JOURNAL 


4. Accentuation of the pulmonic second sound is heard in connec- 
tion with accidental murmurs of the inorganic type, but is not to be 
expected with other types of these murmurs. 

5 . Other evidence than that afforded by a murmur must be found 
before a heart is assumed to be diseased. 
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STATISTICAL STUDIES BEARING ON PROBLEMS IN THE 
CLASSIFICATION OF HEART DISEASE'. 

V. Heart Disease Amoko Ex-Servk-e .Men*! 

PiiiEip B. :m.d. 

Washington, D. C. 
introduction 

nrillS studj' was luulcrtaUeii lo asccvtaiu Ihc ol hi.nt 

1 disease found among cx-scrvico men; 1o classify Ihese l,y etiology, 
structural lesion and functional capacity; and to attempt to ana .w.< 
the cardiovascular findings in a group of men under hospitalization 

MBiilc the average age oi the M orlit 

considerable 


in the U. S. Veterans Bureau. 


ill UltJ U. -Ill 

War veteran is approximately thirty-five, there are a considerntile 
number of veterans of the Spanish American ^Yar, Philippine Insur- 
rection, and other campaigns with an average ag(> ol tilly-ionr; the 
average age of all veterans is approximately thirty-six. 

The data compiled and analyzed in this study were obtained hy 
means of a questionnaire, which was issued to all oi the L. S. \elerans 
hospitals and was executed on all of tlie Bureau beneficiaries under 
hospitalization for heart disease during 192fi. The niimher of bene- 
ficiaries was 736. 

These patients wore under treatment in some 53 hosjiilals, and their 
cardiovascular diseases were studied and diagnoses made hy Bun'jin 
physicians, some of wliom have had no special training in lieart dis- 
ease. It would seem, therefore, that there might he a lack of uni- 
formity in diagnostic criteria and in tlic diagnosi.s of lieart diseasi'. 
As the result of this it is possible tbat, tbc classification of the heart 
lesions is not uniform, so tliat the data compiled lierein may not be as 
valuable as if collected at a well-organized lieart clinic. 

It IS thought, however, that these data on heavl. di.sea.se serve their 
purpose in that they constitute a composite study of this class of 
disease in a select group of individuals under hospilalizalion. The 
vork having been done by a number of Bureau physicians has resulted 

in the absence of any inclinations toward certain’ personal diagnostic 
tendencies. 

Mudi stress has been laid by a number of writers'- - upon the age 

morS7^^^'^ ilisnase 

_ _1 y as well as mortality begins to mount. A study of heart 

the permission of the Medical Director of the U. .S. Veteran. 


"■ 111 . 
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disease at tliis time miglit conti-ibute clinical as Avell as statistical in- 
formation ndiieli would iirove of value in any preventive measures in 
contemplation. 

Dublin=^ states that five-sixths of the deaths from heart disease occur 
after the age of forty years, most of these being due to degenerative 
diseases and also arteriosclerosis. Cohn^ contends that these deaths 
are not due to any definite disease processes, but, for the most part, 
to senescent changes of the heart and also to the fact that these sub- 
jects have been spared from earlier deaths resulting from infectious 
diseases and have succumbed to degenerative heart lesions. 

As the result of this, Cohn, in a study of death rates by age groups, 
found a decided increase in the mortality rate from heart disease after 
the age of forty years. Under this age the death rate from heart 
disease has actually fallen. 


INCIDENCE OP HEART LESIONS 


Table I lists 1123 heart lesions found in 736 patients. The average 
number of lesions per patient is 1.53. It is noted that mitral insuffi- 
ciency is the most common heart lesion recorded, followed by chronic 
fibrous myocarditis, hypertrophy of the heart, and aortic insufficiency, 
in the order named. 

Table I 

Incidence of Heart Lesions in a Group op 736 Ex-Service Men Under Hospitai-- 
rzATioN in the U. S. Veterans Bureau for Heart Disease 


heart lesion 


number 


PER CENT 


Mitral insufficiency 
Myocarditis, chronic, fibrous 
Hypertrophy of heart 
Aortic insufficiency 
Mitral stenosis 
Arteriosclerosis, general 
Enlargement of lieart 
Aortitis without dilatation 
Hypertension 
Arrliythmia 
Endocarditis, chronic 
Aortitis ufith dilatation 
Neuroeireulatory asthenia 
Auricular fibrillation 
Tachycardia 
Adherent pericardium 
Arteriosclerosis, local 
Mj'ocarditis, acute 
Aortic stenosis 
Endocarditis, acute 
Pericarditis with effusion 
Atrophy of heart _ 
Pulmonary stenosis 
Hydropericardium 
Heart-bloch 
Tumor of pericardium 
Pericarditis, fibrinous 
Other lesions 

Total ' 


301 


153 

13.62 

148 

13.18 

111 

.9.88 

65 

5.79 

50 

4.45 

41 

3.65 

35 

3.12 

26 

2.32 

25 

2.23 

21 

1.87 

18 

1.60 

17 

1.51 

17 

1.51 

10 

0.89 

9 

0.80 

8 

0.71 

7 

0.62 

6 

0.53 

5 

0.45 

4 

0.36 

2 

0.18 

2 

0.18 

• 2 

0.18 

2 

0.18 

1 

0.09 

1 

0.09 

36 

■ 3.21 


1123 


100.00 
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Eeference to tliis table indicates that general arteriosclerosis oc- 
curred 50 times and constituted 4.45 per cent of the total lesions 
under observation. This is of interest in view of the fact that the 
average age of the Veterans Bureau beneficiaries at the time this 
study was made was thirty-six years. 


VJA«UlUVAfc>UUJ-iAK JjESlOrsS 

Table II is so arranged as to indicate the principal as well as one 
associated heart lesion. In this connection it is desirable to state that 
in a number of cases there was more than one associated heart lesion, 
but that It was possible to tabulate only one with tlie prineijial diagnosis! 

In reviewing this table it is noted that 453 patients liad but one 
cardiovascular lesion. The table also attempts to illustrate the inci- 

Dublin, quoting W^^ckofif and associates in the study of 1000 eases 

d’ 'Tf, r “ 

heart was found KUd J * observed, enlargement of the 

»ortie insuffleieney 146 tin«sf koi 4 ‘”"tenosiro 9 T"'’™ 
times; mitral insufficienev and i f 

sufficiency, mitral stenosis and an f ™>*™I iu- 

miftal insufficiency mitral ZLT ■■Koffiooucy 362 times; and 
stenosis 12 times. ' "'S>iffioi«>ey, and aortic 

m is a list of 301 CMerjf mifrrhmu ^"s«fKe«nc,v.-TaWe 

fte associated cardiovascular lesions n Ts'’''’’r, 

led no coe.yisting lesion ; 77 had i Ll “ses 

» ; esses had 2 coexisti 'g leX„s asst Tf 

The largest group was a combinatio “suffioienev.t 

«„ey, a.,d hypertropC of ae L “'^Ooieney, aortic 

^^^nmtfflceney and aortic insuffloie„„y freVuemi7fo«ir“n‘X 

ilPSIgisipSfSBst: 

msmmms 



316 


THE AMERICAN HEART JOURNAL 


^VTnDSVAOin>JV:) HKO AT.VC S ^ ^ 01r^r^ tH u-TTTCTJr-lHW 


:<Donn-x>!van t-j 
sai^iaxHV ~ 

Tvanaaao 'sisoHaiDsoitiaxHv ^ 

J/OXA'afT TV.VW3X\^ ztit^tv 
‘snoKaiMvs ‘sixifiaTirdonivoiiiiJ ^ 

noMV Dix^iov JO ivsA^m.vx 

II\’iaK3DSV ^V'XifOl' JO KSX«n3K\ ^ 

Knia«V3iH^«io>iaAii rn 

axnDv ‘sixiaMV30Ai\ tH 

vxyov JO IVSAyna.VX r-1 r-i 

u ivniaxvDinaj x.s:aa:ina\ 

tn ______ 

u sxso.vaxs jrxHov 

2 *3sv3sra ^vtoatva Avianvr 

Q f- - 

e£ Vlfl^JVOAHDVJ rH r-H 

u A'orsnJja ifxiAi *srxia>/vjiKad i— i ^ 

w 

5 ; 

o KOlXVXV'Iia HXIAV "SIX!X>IO\ 1-1 r-l rH 

S — — ■ — ■ 

< aiNOHiia ‘Sfxr<i«vaoa>::i r-i co w 

a.'av’Jii JO xxaivaoifvix’a i— • cq 

KOlSKaXUnJAll rsio 


vnvnxAi!>iav 


fCOIiVni«UI4 HVlADIMilX 


Koixvxviia xnonxiA\ ‘sixuhov 


TV^a.'^ao ‘srs0MaT0soiHax>iv 

AOICaiDIJdtnSNI DIXUOV 
"3SV3SICI MVaAA'lVA 3VIOUV3 



CO 00 03 CO 


Dixoaiia •srxidUvaoAJv ^ ^ o t-h 

SISOX3XS TVHXIJV CC> t-( rt< 
*3SV3Sia ^VTAATVA OVIQ^VO ^ 

xyvail JO AIIdOllXynJAIl ^ ^ (M ^ 03 


AJMUlOIJjnSXI IVHXXtA 
nsvasia avariAivA dviqhvo 


03 CO UJ 

rH i-H ^ 


2 

- - b-^ ■ 

S CO 5; o 

2 *S 3 .s, 

M p ^ ■ 

^ S "3 ' 

P ^ 

i o *s s . 

J .J-f Q ZJ ' 

5 1 5 ^'- 

3 H < 2 J S ' 


O O 
<!j <i) 


‘■ 2 a- 2 '‘-S 

CO ^ r 

§ S ^ i 
b g- 

o w o 
o P ^ ■ 

^ ci ^ p 



MATZ ; 


CLASSIPICATIOK OP llEAUT WEEAEES 


I !M W C5 e-J H f-l 


SOlSa'A Cl T-I r-\ 

yV'inoSVAOIdiJVJ 3‘'‘’0 AT.VO 


:(D0ia-x^V3n 

S3IH.1XHV 

'IV^U3U33 'SIS0^3T0SOiani^’ 
iTdkv^jT^tvkh’.ix.'vI xirJi>i 

'SAOK^HJVS 'STlinaTHJOnKOmiJ 


KOMV Oli^JOV iO KSA^A-IS\ 


0MiaK3DSV ‘VXMOV JO JVSA^JA3X\ 


uniaMVDiMnao^o.vA 


axnav ‘su.iti>!vAOAi\ 


VX>lOV JO KSA>lA3\’^ 


i^niaMvaiMja xs3>i:ium 

sfsOXJXS DJX«OV~ 
‘asvasta MviaMVA avuiKv'*. 


Koisnjja nxi.u ‘sm<i«votM3.t 


KOUVXVTia HXIAV ‘SUJX«OV 


DINOHHO 'SUia>!VJOasi 


1^V3II JO XSCat'ClOHV'lK-.t 


NOlSKaXMHJAU 


Kouvmi^iflij aviaoiH.u 


jjouvAvim xnonxi.w ‘suixxov 


Av-aiKao 'siso^aTjsotHjxitA 


A3K3I3IJ4nS?vI OIXIJOV 
"Jsvas iq MVAAAAVA AVja>l\M 

OIN’OKIIO ■SIll(i>iva()AI\ 


SISOK3XS TVJfj.jJv 
•gsvjsia >iv3nAiVA dvkihvj 


isvan AO AIMO^lH l.IAU 


A3K3I3UAnSSI 'IVTfXIJV 

asvasm MvanAivA ovirtMvi 



o S 

JS. Oi »— 

^ o s 
^ cu 

O O .5^ r-J 

o ^ ‘K S! 

_ eS ^ « .2 ; 

4J S S ^ 
.2 ^ o u 
c; -w o — ' s h 
2 P a ^ 3 « ; 
3 o ^ s 

f, C3 TO > 

o 2 -I .S "P . 

60 K 3^3 >■ 

O "+J • 

~ S "S cs V 

(li O g t) « 

O -w bD O O « 

^ -M j3 %i ^ ^ • 

Ph 6 B W o I 


■5 s 2 
I 3 -2 « 

? s S 

: “ « S .p 

- g t: - 

J 2 rt ° 3 .2 

’*-04 ’ S 

0 p, ® 'o 3 'Sd.' 

i'H fl = S §1 

1 ° W P U S ' 

- 2 '2 

5 o g ^ « s ! 

3gil^21 



^ « 

•4i_> rf 

’u 

C; -iw 

o ^ 

V. 

•«w O 



.2 

cS 

u, w 




.■2 C' *- 

u « « . 

. o 2 .5 
' ^ 

! “Sp-” 

3 c 'S o ^ 

I O ° ^ ,03 

; *w c S *2 
^ - S S 

: s >> ^-2 

: o s « c 

: S g 


T- «n 

Tr ^ c 

CC:*^ C .— 

‘r •- c> 


2 S'H.® S 

c o o 

§ § <^1 

2 - 
















318 


THE AjNIERIGAN HEART JOURNAL 


COC^eoeOOOb-OCOCCrHi 
aVJiOJi cq 03 rl 


^ 03 t> 

CC o 
rH ec 


•A ’0 ONLISIXaOO 
J,nOHJ,lAV AONaiO 
-MLinsNi 'ivaiiN 

asvtdsia av^no 
-SVAOiaHVO 3NI 3 cq 
-J,SIX300 3N0 AaNO 


MOoia-JiHvaii 


NOuvaaiHaiii 

av'inoTHnv 


NOiSx'jaiaaJAH 


NOiJ,v,Lvaia 
HJ.iAV 'sixixaov 

sisoNaJiS 

•ivaxiiv; ‘asvasia 
avanAa vA oviaavo 

jiouvitvaia 
xnoHiiAV ‘suuaov 


OINOaHO , 
‘sixiaavooaNa 


'sisoaaaosoiaaxav 


xavaH ao 
AiiaoaxaaaAH 


oi •-< oi m 


•ano ‘sixioavooAK 


AONaioiaansNi 
oixaov ‘asvasia ^ 
avauAavA oviaavo 


i-H I— C Ol Cl 01 I— J 


e 

^ S -S 

S 0 3 


o' S S 

03 CO 5 

-e rt « ® 

rt g mXi a. ^ 

^ ^ 33 3 


. > -v-tf CO 

j 'rt -2 S "H 

• ^ S s ' 

o 5 ^ 

> i:? Tn rt 
3 3 Mg. 
;:3 2 o , 

^ p Jxr=f ^ 

^ ts a 


i'g'S.s'^ 


s s ^ 

r CO 50 ^ 
i ^ 3 

> o 

,0 0 )'^ 

> S C C 


"El > 2 
.§ 0 . 2 ^ 
S.S g g 
g ? 

-3 ? 


V 

.g d 3 o 

fIZ Oi 02 

5 S.S g 


o t-. 
d ^ IHJ 
E-^ 


5IATZ ; 


CLASSIFICATION OF HEART DISEASES 


:319 


Msodated Cardiovascular Lcsims With Eyperirophy of Ecart.-- 
Table IV lists 148 eases ol eartliac hypertrophy in such a manner as to 
r«'e various eoexistin. lesions. It is noted that 49 ol these are 
eases of hypertrophy of heart without any other heart lesions 39 had 
but one coexisting heart lesion, of this number 13 were cases of mitial 
insufficiency. Of the remaining 60 cases of hypertrophy of the heart 
having two coexisting heart lesions, the largest group is a combination 
of mitral insufficiency, aortic insufficiency, and hypertrophy of the heart. 

Associated Cardiovascular Lesions With Chronic MyocardiUs. Table 

V lists 153 cases of chronic m 3 ’'Ocarditis arranged in such a inanner as 
to show the various combinations of lesions. It is noted that 74 were 
cases of chronic myocarditis without any coexisting heart lesions ; 43 
cases of chronic myocarditis had but one coexisting lesion, of -which 
number, that of chronic myocarditis Avith mitral insufficiency, ivas the 
largest group; 36 eases of chronic myocarditis had two coexisting 
heart lesions, the largest group of which ivas a combination of lij'per- 
tropliy of the heart, enlargement of the heart, and chronic myocarditis. 

Associated Cardiovascular Lesions ^Yith■ Aortic Insufficiency . — Table 

VI lists 111 cases of aortic insufficieiicj’' in such a inanner as to show 
the various combinations of cardiovascular lesions. It is noted that 
of the total number, 19 are aortic insufficiency without any coexisting 
heart lesions; there are 52 cases of aortic insufficiency ivith but one 
coexisting lesion, the largest group of which is that of mitral insuffi- 
ciency. Of those cases of aortic insufficieiic.y ivitli two coexisting heart 
lesions, 40 in number, the largest group is a combination of hyper- 
trophy of the heart, mitral insufficiency, and aortic insufficienc 3 ^ 

ETIOLOGICAL TYPES OF HEART DISEASE 

Wyekoff and Lingg® in their study of the distribution of 1051 cases 
of heart disease found that 42.7 per cent Ayere of the rheumatic type ; 
"7 , arteriosclerotic type ; 8.6 per cent Avere of the 

SA'pnhtic type; 8.6 per cent belonged to other etiological types, and 

•8 per cent of the heart lesions Avere of unknoAvn etioloo-y 

adults u-itl. 

M.t disease, found tlie distabution of the causative factors as follows : 

Acute rheumatic fever oqi 

Acute tonsillitis 
Carious teeth 

Syphilis 163 

Scarlet fever 122 

Iteasles 78 

Eiphtherin 54 

Pertussis 47 

Chore.! 14 

7 

Total 


The aboA’e figur 


’»'■ '«S the caTsfortlllf WMes*''''* &c- 

l.ea.t lemus m a number of the patients. 


1023 



Showing 148 Cases of Hypertrophy op Heart, Together With Associated 

CjArdiovascular Lesions 
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R . onaa Bntients witli I'eart disease in New 
In a statistical study of 30 l ^ j^Lassaehusetts General 

E„Al.na. .oms oJ AvUom eonsuUntion, P»h1 D. 

Hospital ind others were P“'‘ ' rhcrmwtio type. This 

White® found that 54.0 pei ce rheumatic heart dis- 

ohserver maintains that the large family sus- 

easeis due to climate, social anc ‘ oinracter of rheumatic 

ceptibility, and a probahle ®ld “"*"f ““ f 

was unknown. , a 

In an finalysis of 360 cases of valvular heart disease discharged 1 o 

the U. S. Navy, Bloedorn and Roberts'’' found the principal etiologica 
factors as follows: Rheumatic fever was the etiological factor in 101 
cases; tonsillitis in 59 ; syphilis in 3 ; pneumonia in 4, and influenza in 4. 

Wyeoff and Lingg,^ in a series of 499 cases of lieart disease, found 
that 59.7 per cent were due to acute rlieiiniatic fever and 12.7 per 
cent were due to tonsillitis. It i.g noted that iii the group of cases 
studied by these observers no case of heart disease was attributed to 
diseases of the teeth and gums. 

Table VII is a classification of heart disease found among 736 
Bureau beneficiaries into 11 types of etiological factors, similar to 
that used by the American Heart Association. Attention is invited 
to the fact that in a number of eases two or more etiological factors 

Table VII 

Etiological Types of Heakt Disease in 73G Bcheau Patients tViTii 1701 
Etiological Factors, Showing Per Cent of Total Number 
W iTUiN Each Type 


- ETIOLOGICAL TYPE 

RlieuniRtic 

Other infectious diseases 
Syphilitic 

Genera! systemic disease 

Arteriosclerotic 

Toxic 

Tramnatic 

Thyroid 

Neurogenic 

Others 

Dnknown 


PER CENT 

33.50 

30.04 

11.19 

4.32 

4.03 

1.99 

1.93 

1.31 

0.8>5 


Total 


100.00 
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were present, making a total of 1761 factors in a series of 1123 lesions. 
The average number of etiological factors per lesion Avas 1.56, and tlie 
aAmrage number of etiological factors per jiatient Avas 2.39. 

A review of Table VII indicates that the principal etiological fac- 
tors of heart disease as found in a series of ex-service men of an 
aAmrage age of thirty-six are: rheumatism, other infectious diseases, 
and syphilis. Attention is invited to the fact that arteriosclerosis was 
an etiological factor to the extent of 4.03 per cent only. 

Bhenmatic Heart Diseose.— Table VIII lists rheumatic heart disease 
according to the types of infection. It is noted that tonsillitis, acute 
rheumatic fever, and tooth and gum infections constitute the principal 
etiological factors in 83.22 per cent of a series of 590 cases of rheu- 
matic heart disease. 

The incidence of the other etiological rheumatic factors Avas of 
minor importance. Reference to Table VIII sIioaa^s that the}'' comprise 
only 99, or 16.78 per cent, of the total number of rheumatic factors in 
the series of eases studied. 


T.AI5LE VIII 

Eheumatic Heart Disease by Type op Infection Shoaa'ing Per Cent of Each Type 


TYPE OF INFECTION 

NUMBER 

PER CENT 

Tousillitis 

23S 

40.34 

Acute rheumatic fcA-er 

131 

22.20 

Tooth and gum infections 

122 

20.68 

Joint pains 

35 

5.93 

Muscle pains 

19 

-3.22 

Pharyngitis 

11 

1.86 

Arthritis 

11 

1.86 

Bhenmatic nodules 

S 

1.36 

Chorea 

8 

1.36 

Osteoarthritis 

4 

0.68 

Torticollis 

1 

0.17 

Diseased adenoids 

1 

0.17 

M3msitis 

1 

0.17 

Total 

590 

100.00 


Heart Disease, the Sequel of Infectious Diseases . — While the part 
played by the infectious diseases as etiological factors of heart disease 
is based upon the histories of the eases as obtained from the patients, 
in a large number the causatiA'C infectious disease Avas incurred m 
the militaiy serA'iee, and Avas folloAved by the heart lesion reported on 
the questionnaire. Most of the data are on record and therefore 
dependable. 

A study of the data recorded in this paper indicates that the other 
infectious diseases constitute a grou23 of etiological factors of heait 
disease second only to the rheumatic infections. 

Whether heart lesions due to infectious diseases are latent for a 
long period and become clinically apparent only some time after the 
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occurrence of the infectious disease is yet to be ascertained. Accord- 
ing to data in Table IX, one would infer that sueli is a possibility. 

Table IX lists the infectious diseases which were considered etio- 
logical factors of heart disease in this study. It is noted that the inci- 
dence of influenza as an etiological factor of infectious heart disease 
was very great ^in fact it was given as the cause of heart disease in 
167, or 31.57 per cent, of a series of 529 cases. 

Some of the other principal causative infectious diseaises were : 
pneumonia, tuberculosis, measles, tyijhoid fever, gonorrhea and otitis 
media. 


table IX 

Heart Disea se, the Sequel of Infectious Diseases, by Type of Disease 

TXTTA'T’/^m-f /-V-TT/-. * ' '* ~* ' ~ ■ I - . 


infecti ous DISEA^ 
Influenza 
Pneumonia 
Tuberculosis 
Measles 
Tj’phoifl fever 
Gonorrhea 
Otitis media 
Scarlet fever 
Diphtlieria 
Dysentery 
Mumps 
Amebiasis 

Dengue 


NUMBER 


167 

So 

75 

42 

32 

31 

28 

2o 

18 


PER CENT 



31.07 

10.07 
14.18 

7.04 

C.Ou 

o.SG 

5.29 

4.73 

3.40 

3.02 

0.94 

0.3S 

0.19 

0.19 

0.19 


106.00 


”“r 

fomKl that the at e™ a n T -aiae 

;;-e «e., patient: Tl.e periods 

the acute sickness tn ti Dnniediate at the 

-«>«v.ea..s hefotr „ : 

also found that I t, '’’’‘““'''d- 

thirty ,! ‘"”“5 U.65 years th! ®' 

Jears in the u n- ^ six and a half a i ^ cases, but 
,or the oases. It “ f ! . ® ‘"'O-tUrds 

‘■''oumatic aiscT!!'”" develop - meamylil“ 

“ may be quite absent. " “wifestatioiis of 
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Table X illustrates the interval between tlie operation of the etiological 
factors and the recognition of the cardiovascular lesions in a series of 
736 patients. In considering the entire group of 1761 etiological fac- 
tors, it is noted that in 8S6 instances it was impossible to determine 
the interval between the occurrence of the etiological factor and tlie 
appearance of the cardiovascular disease. Of the remainder, 875 in 
number, the phjnicians were able to record the time interval. Of this 
number, in 108 instances the heart lesion developed immediately; in 
26 instances within one month ; in 59 instances between one and three 
months; in 34 between three and six months; in 21 hetween six and 
twelve months; in 325 between one and five years; in 229 between 
five and ten years ; and in 73 instances between ten and twenty-five 
years. 

It is believed that these data when critically analyzed are subject 
to question. What the mechanism is in the production of a heart le- 
sion a number of years after the occurrence of the infection is not 
known. Perhaps the heart valve is affected at the time of the appear- 
ance of the disease without giving any clinical evidence. These figures, 
therefore, should be interpreted as indicating the time between the 
occurrence of the etiological disease and the clinical recognition of 
the heart lesion. 

Further analysis of the data in Table X wmuld lead one to assume 
that the interval of time elapsing between the occurrence of the etio- 
logical disease and the appearance of the cardiac lesion is dependent 
upon several factors : first, the type of causative disease ; second, ex- 
tent of degenerative changes and location of heart lesion; and finally, 
the rapid or slow development of cardiac lesions is dependent upon 
the amount of functional activity to wdiich the heart is subjected. If 
the heart lesion is slight, it is thought the damage might not he suffi- 
cient to bring about abnormal cardiac function ; if the latter become.s 
apparent, it would be some time after the occurrence of the causative 
disease. On the other hand, if the heart which had undergone certain 
abnormal changes, even though slight, ivere subjected to excessive 
plij'^sical strain, cardiac derangement sufficient to be recognized clini- 
cally might appear early. 

DURATION OP CARDIOVASCULAR DISEASE 

Any discussion of the duration of heart disease in ex-service men 
must be cautious, because of the fact that a great many of the patients 
attribute the heart disease to increased physical effort or to diseases 
incurred wdiile in the military service. This is to be expected. While 
in the majority of instances the data are reliable, in some, the findings 
may be questionable. However, in spite of this, the figures in Table 
XI give an approximate idea of the duration of cardiovascular disease 
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ill these 736 patients. It is noted that of the total number it ivas im- 
possible to determine the duration of heart disease in 245 cases. In 
the remainder, namely, 491 cases, heart disease existed for periods 
varying from one to six months in 30 cases to from eight to nine years 
in 41 cases; in 3 cases the heart disease was congenital; the largest 
group, 85 in number, gave a history of having had heart disease from 
seven to eight years. 


Table XI 

Table Showing Duration op Cardiovascular Disease in a Group of 736 Patients 


NUAIBER OF CASES 


Congenital 

3 

1 to 

C months 

30 

6 to 

12 months 

47 

1 to 

2 years 

31 

2 to 

3 years 

51 

3 to 

4 years 

29 

4 to 

5 years 

47 

0 to 

C years 

54 

C to 

7 years 

73 

7 to 

S years 

85 

8 to 

9 years 

41 

Time 

not known 

245 

Total 

736 


Table XII gives a list of the specific heart diseases in a series of 255 
of the total number of 736 patients. These patients were hospitalized 
primarily for heart disease. 

In the consideration of these 255 cases it is realized, of course, that 
the date of diagnosis of the heart disease was not necessarily the date 
of its inception. For instance, the duration of chronic myocarditis, 
combined aortic and mitral disease, and of mitral insufficiency, as in- 
dicated in Table XII, is very much shorter than is the customary clini- 
cal experience. It is thought that in a number of these cases the heart 
lesions Avere present some time before they Avere recognized clinically. 
The figures, hoAvcAmr, serve their purpose in shoAving the clinical dura- 
tion of certain cardiovascular lesions among ex-serA'ice men hospital- 
ized by the United States Veterans Bureau. 

A study Avas also made of the duration of various cardiovascular 
lesions in 252 Bureau beneficiaries Aidio died from heart disease. The 
time from the date of diagnosis of the lesion to the date of death Avas 
as folloAA’^s: 

For acute dilatation of the heart — eight months ; acute endocarditis 
— four months; chronic endocarditis — ^four years; cerebral hemorrhage 
— two years; acute nijmcarditis — ^tAVO ymars; chronic myocarditis- 
four years; combined aortic and mitral disease— five years; and mitral 
insufficiency — three years. , 
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^ Tliese 252 beneficiaries were not part of the group of 736 cases pre- 
viously referred to, but were a group arbitrarily selected for the pur- 
pose of ascertaining the period of time elapsing between the date of 
diagnosis of heart disease and date of death. Attention is invited to 
the fact that the duration of the various heart lesions is shorter than 
is the usual experience. The figures are, however, the actual clinieal 
experience in the case of these 252 ex-service patients. 

FUNCTIONAL CAPACITY IN CARDIOVASCULAR DISEASE 

The statistics appearing in Table XIII consist of the data received 
from the various Bureau hospitals. The classification of the functional 
capacity of ex-service patients with cardiovascular disease is in ac- 
cordance with the standards recommended by the American Heart 
Association. 

In the consideration of the total number of patients it is noted that 
209, or 28.40 per cent, were able to carry on their habitual physical 
activity; 218, or 29.62 per cent, were able to carry on a slightly dimin- 
ished activit.y, and were therefore placed in Class 2-A; 142, or 19.29 
per cent, were able to carry on a greatly diminished activity, and 
were therefore grouped in Class 2-B; whereas 82, or 11.14 per cent, 
■were unable to carry on any physical activity, were confined to bed, 
and were grouped in Class 3 ; in 85, or 11.55 per cent, of the patients 
the functional capacity was not stated. 

It is seen, therefore, that 442, or 60.05 per cent, of the whole group of 
736 patients had various heart lesions which resulted in a reduced func- 
tional activity. These patients were classified as belonging to Groups 
2-A, 2-B, and 3 — such classification denotes that their earning capacity 
is impaired. 

The Bureau has, therefore, a twofold problem to solve: first, how 
best to rehabilitate these patients phj'sically'’; second, how to restore 
them to a state of maximum economic efficiency. The physical reha- 
bilitation can be accomplished by the excellent hospital facilities of 
the Bureau available throughout the country, where the patients with 
decompensation may be treated and restored to efficient cardiac func- 
tion. This can be suiiplemented by the utilization of the dispensai) 
facilities in the regional offices where these patients may be fuither 
treated and observed until they attain maximum cardiac improvement. 

During hospitalization these cardiac patients may be instructed ni 
various light occupational crafts, and an attempt could be made to 
ascertain the maximum physical effort which may be exirended b} the 
patient as well as his work tolerance. The occupations presciibed b.^ 
the physician as therapy in the hospital can be so arranged as to assis 
in determining th^ vocational potentialitj'^ of the patient. 
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upon o-eotovation of the patient to nonnal 
Physician as Avell as the occupational therapy aide and also the soc 
Lrker in the hospital shonld study the individual ease for the p - 
pose of ascertaining suitable vocational placement. It is iinpoitan 
that the Bureau supervise closely the employment of these cardiac 
eases after their discharge from hospitalization. These patients shou c 
be urged to return periodically either to the out-patient department 
of the" hospital or to the dispensary of the regional office for cardiac 
examinations, so that the effect of work upon the circulatory system 
may be determined. If it is found that the physical effort expended in 
this direction is causing decompensation, the physician as well as the 
social worker should urge the patient to change the character, or the 
amount, of work. 

It is believed that by such a procedure not only would the lives of 
many of these patients be prolonged and saved, but, in many instances, 
hospitalization would be resorted to less frequently and the amount 
of financial compensation might be reduced because of a decrease of 
the occupational handicap and an increase in work tolerance. 

The above views are predicated upon that section of the ^Yorld War 
Veterans Act which states that “The Bureau ivill have the power and 
it will be its duty to provide for the placement of rehabilitated per- 
sons in suitable and gainful occupations,” Based on the above, the 
Director of the U. S. Veterans Bureau wisely promulgated a letter 
dated December 14, 1927, to regional managers. He stated therein 
that it was his desire that contacts he established wdth a view' of 
a.s.sistiug veterans in obtaining employment. He requested that a 
close cooperation be established with civilian agencies for the pur-' 

pose of placing disabled ex-service men in suitable and gainful occu- 
pations. 

The Director in issuhig this letter evidently felt that the respousi- 
iily of the Bureau did not cease wdtli the hospitalization and com- 
pensation of these disabled ex-service men, but that the facilities of 

;U if oecupationai 

«t pafiarts hut ^ ""'S' hnteflt 

• hiectly m an ecoiiomie saving to the government. 

effect of tonsillectomy on heart disease 

factor ir23f tonsillitis was considered an etiological 

« H on!;. uitt V r"*; "'f “ '’‘onmatie heart disease, 

tomv u,r,t should be made of the eifeet of 


7, sfluuiu oe n 

case. ond 


of tonsillec- 
upon the final outcome of the 
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A number of observers have made similar studies of this problem 
and the conclusions reached liave been at variance with each otliei- 

Cohn- refers to 391 patients with rheumatic manifestations on wliom 
tonsillectomy was done, with subsequent observations. The rheumatic 
manifestations for which the operation was performed recurred in 
49.6 per cent of the eases. 

In 175 patients with rheumatic manifestations on Avlioni tonsillec- 
tomy Avas not done, 111, or 64 per cent, suffered from a recurrence of 
the disease. Cohn finds from a study of the cases reported by cer- 
tain obserA’'ers that, on the AAdiole, it cannot be said that the effect 
upon rheumatic feA'er of tlie remoA'al of the tonsils is satisfactory, 
inasmuch as recurrence of rheumatic manifestations takes place in 
50 per cent of the cases. 

St. LaAvrence® observed 58 eases of organic cardiac disease before 
and after tonsillectomy and found that, in general, there seemed to 
be a fairly prompt increase both in desire and in capacity for exer- 
tion; and the exercise tolerance seemed to be favorably influenced 
more often, more promptly, and to a greater degree by tonsillectomy 
than by any other measure utilized in the care of cardiac children. In 
a series of 5 eases it aa^s observed that an incomplete removal of the 
tonsils had little or no effect on the recurrence, Avhile complete tonsil- 
lectomy Avas folloAved by a cessation of the symptoms of heart disease. 

CroAve, "Watkins, and Rothliolz, quoted by 001111,“ noted recurrences ' 
of rheumatic feA'er in 4 out of 25 cases under observation; these oc- 
curred from three Aveeks to three years after tonsillectoinj'. In all 
of the 25 cases, except 4, there Avere cardiac lesions present; mitral 
lesions Avere present in 21; some of the patients had 2 or more coexist- 
ing cardiac lesions. 

Of 24 eases of chorea Avitli concomitant heart lesions, in 12 eases the 
same authors report that chorea recurred or failed to disappear in 11 in- 
stances ranging from eight months to three and one-sixth years after 
tonsillectoinjL 

A study of the Bureau statistics revealed the fact that tousillectoin} 
Avas done on 220 out of the total number of 736 patients under obser- 
vation. One hundred and thirty-seven of this number had heait 
lesions prior to tonsillectomy; in 44 instances the heart lesions Aveie 
first noted after the remOA'al of the tonsils. In 15 the time of the first 
appearance of the heart lesion Avas unknoAvn ; and in 24 instances no 
report Avas made. 

A revieAV of the available data further sIioavs that in 145 cases it 
AA'as the opinion of the Bureau phj'sicians that the cardiovascular dis- 
ease Avas due primarily to tonsillitis, and that .tonsillectomy had the 
folloAAdng effect : 
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Improved 18 

Retrogressed ^ 7 

No change 2S 

Undetermined 7 

Not stated S5 


The above figures tvould indicate that the Bureau physicians found 
it difficult, in a number of instances, to attribute to tlie tonsillectomy 
any effect upon the cardioA'ascnlar disease. However, in 18, or 12.4 
per cent, of the eases it was thought that improvement followed the 
operation. This estimate it is believed is conservative. It would ap- 
pear, therefore, that if infected tonsils are an etiological factor of 
heart disease, their removal is followed by an imiDroveiueiit in a small 
percentage of cases. 


{To be continued in April.) 



ELECTEOCARDIOGKAPHIC STUDIES ON THE ACTIONS OF 

DRUGS 

I. The Vagus in Ether Anesthesia* 

Harry Gold, M.D. 

WITH 

Patrick L. Gryzwacz, LI.D., and Valentine A. Nowicki, M.D. 

IN COLLABORATION 
New York, N. Y. 

I "'HE present study was iindertakeu to determine the influence of 
ether in the various stages of anesthesia upon the response of the 
vagus (cardio-inliibitoiy nerve) to stimulation by morphine. 

Fifteen experiments were carried out on clogs, only those animals that 
were found to remain quiet without anesthesia or restraint being em- 
ployed. Ether was given by inhalation (open cone), always with 
sufficient air to avoid asphyxial changes. Electroeardiograins (Lead 
11 oiil3’' was used) were taken at frequent intervals, and changes in 
the sinus rate and conduction time (P-R intervals) were noted. Since 
there are frequentl.v considerable differences in the length of the P-fl 
interval from beat to beat, ten such intervals in a given strip were 
determined, and the average was taken as the interval for that ob- 
servation. Where several experiments Avere performed on the same 
dog a number of days interAmnecl between them. Observations made 
in five of the experiments rvill be given in detail, as they suffice to 
illustrate the general results. 

In the first expei'iment a dog (A) received 1 mg. of morphine sul- 
phate per kg. intraAmnoushq and Avithin tAventy-seven minutes the 
sinus rate had decreased from 180 to 80 a minute and the P-B inteiwal 
had increased from 0.093 to 0.108 second, and there Avere some dropped 
Amntrieular groups. During the earlj^ stage of ether anesthesia nearly 
all the morphine effects disappeared and remained in abejmnce during 
the period of deeii ether narcosis. The T-Avave shoAved interesting 
changes. In the control period it Avas negathm and 1 nnn. deep. 
iug the morphine action it became 3 mm. deep. During the early stage 
of ether inhalation the luorpliiue effect upon the T-Avave persisted. 
In the stage of deep ether narcosis (corneal reflexes abolished, pupih 
dilated and not reacting to light, complete muscular relaxation, res- 
piration good), the morphine effect upon the T-AAmve disappeared and 
the latter assumed the form present in the control period. Ether, 

*Prom the Department of Pharmacolog:j', Cornell University Medical College. 
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therefore, in this experiment completely abolislied tlie effects of mor- 
phine stimulation of the vagus. (See Figs. 1 and 2.) 

In the second experiment the order was reversed, the same animal 
being anesthetized to deep ether narcosis before the morphine was ad- 
ministered. Ether increased the heart rate markedly and shortened 
the P-E interval. These effects establi.shed during the excitement stage 
of ether action persisted during the period of deep narcosis. Morphine 
sulphate (1 mg. per kg. intravenously) abolished the ether effect upon 
the heart rate and conduction, both factors returning to the level of 
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intensity of the effect of ti ’ “* striking contrast i 
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some vagal effects but mueli less intense than in the unanestlietized 
animal. (See Fig. 3.) 

The tliivd experiment shows essentially the same phenomena as the 
first. A second dose of morphine was given which produced primary 
acceleration of the heart rate and shortening of the P-R interval 
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Ill tlie rate, in this instance was lengthened to 0.24 second. During 
deep ether narcosis the sinus rate remained rapid and the P-R inlerval 
siortened to that present before the ether. In this experiment, there- 
ore, the effect of a very large dose of morphine upon the sinus rate 
ivas abolished by the ether, while that upon conduction showed initial 
accentuation but at no time any diminution. Paralysis of the vagal 
rntTf! Pi’oduced further acceleration of the sinus rate 

second. ’seeKs.'s*)'' “-’SS *» 0-102 
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111 the fifth experiment an attempt ivas made to determine the role 
that stimulation of the accelerator nerves might play in the effects of 
ether. A dog (B.) was given 10 mg. morphine sulphate per kg. hitra- 
ninscularly and within fifteen minutes there was complete A-V block 
Epinephrin, 0.023 mg. per kg. in a 1-10,000 solution injected intra- 
venously, increased somewhat tlie rate of the ventricle, changed tbe 
shape of the idioventricular groups, but had no influence upon tbe 
A-V block. Ether inhalation promptly abolished the block and accel- 
erated the sinus rate. A phenomenon similar to that seen in the fourth 
experiment occurred during the early period of ether inhalation— an 
increase in the sinus rate ivith further impairment of conduction. 



Fig. 4. — A.J Control; B, one minute after 1 ingr. morphine sulphate per kg. intra- 
venously ; G, two minutes after 2 mg. morphine sulphate per kg. intravenously ; !'> 
complete A-V dissociation ; E,. three minutes after starting inhalation of ether, iigia 
anesthesia, some struggling ; F and G-, deep ether anestliesia ; H, completely recovereu 
from ether anesthesia ; /, one minute after 5 mg. atropine sulphate per kg. intrave- 
nously. 

With the recovery from the ether, the vagal effects began to reappear. 
This experiment shows that the effects of the ether in all probabilitj 
do not. depend upon stimulation of the accelerator's. (See Pigs. C 
and 7.) 

DISCUSSION 

Ether is commonly employed for anesthesia in the study of the ac- 
tions of drugs upon animals, and little attention is generally paid to 
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;h I 

tlie possibilit.y tliht liicse actions may be iiiodificd to nii ini])orlaiii 
degree by the anestlietie. Etlier causes accelcralion of jlie heart rale 
in the normal dog, and i't lias been shown tliat in the oi-dinary course 
of anesthetization by inlialation, it freiiucnlly produces changes in 
the cardiac mechanism seen in the eleelroeardiograins of animals’ and 
man.- Byster and Meek'’ and Colin' observed that ether anesthesia 
frequently abolishes the arrhythmia produced by morphine. It has 
been lepoi ted that it diminishes the excitability of the vagus to elec- 
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ism to electrical stimulation is not necessarilj’- simultaneous with that 
to drugs. Witanowski^ observed that when the frog’s heart is per- 
fused Avith a solution of ether, response of the A^gus and accelerator 
to electrical stimulation disappears Avhile that to acetyl choline and 
epinephrin is retained for some period. 

In the present series of experiments the effect of ether upon the sus- 
ceptibility of the Amgus to stimulation bj’- moi’phine AA^as studied. The 
results uniformly shoAv that ether anesthesia interferes AAuth the action 
of morphine on the vagus in the heart. Within limits, the effect of 
ether and morphine are mutually antagonistic. . Thus the effect of 
small doses of morphine may be completely abolished , by the induc- 
tion of ether anesthesia as seen in Experiment I, and the acceleration 



Fig-. G A and Bj Controls : C, fifteen minutes after 10 mg. morphine sulphate per 

kg. intramuscularly, complete A-A'^ dissociation ; B, one minute after 0.023 nig, ' 

rin 1-1000 per kg. intravenously: E, four minutes after starting inhalation oi etnei. 
slight struggling ; E and a, deep ether anestliesia ; H, fifteen minutes aftei ethei ais 
continued ; I, recovery from ether anestliesia. 


of the heart during ether anesthesia may he overcome by a small 
dose of morphine as seen in Experiment II. 

When ether inhalation Avas started, the animal often struggled vio- 
lently, and it was thought that the effect attributed to ether may be 
due to stimulation of the accelerator nerves or reflex iuliibition o 
the vagi as a result of the struggling. The fact that stimulation of the 
accelerators by epinephrin had no influence upon the morphine effect, 
Avhereas ether abolished the latter (see Experiment V) indicates that 
accelerator stimulation plays little, if any, part in the effect of the 
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etlier, but that the latter effect is due to deiiressioii of tlie vagi. That 
it is not a reflex iuhibitiou of the vagi, but in all probability a direct 
depression" of the center or ending.s by the anesthetic is apparent 
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a considerable quantity of ether was inhaled before there was any 
acceleration of the sinus rate or shortening of the P-R interval. 

Ether depresses but does not paralyze the vagi in the heart in any 
doses that do not paralyze respiration. Atropine, after the full ether 
effects have appeared, causes further acceleration of the rate and 
shortening of the P-R interval. 

The effects of morphine on the heart A’^ary considerably in different 
animals. ColnP presented eAudence indicating that some of these dif- 
ferences depend upon the fact that in one, the predominant effect is 
that of right Amgus stimulation (marked sinus sloAving) ; in another, 
the predominant effect is that of left A'agus stimulation (marked dis- 
tui'bances in A-V conduction). On this basis it may be stated that 
ether usually depresses both nerves so that the rate is accelerated and 
conduction time is shortened. HoAveAmr, under giA'en conditions, de- 
pression of the right Amgus may'^ be more in evidence than that of the 
left, as seen in Experiment IV, in Avhich ether doubled the sinus rate 
but did not shorten the long P-R interval. This result probably 
depends upon the fact that after a large dose of morphine it requires 
much less ether to induce deep narcosis and the concentration of ether 
thus attained is insufficient to depress both vagi. 

The initial lengthening of the P-R interval during etlier anesthesia 
in this latter experiment, as also in Experiment V, is difficult to ex- 
plain. That the sudden increase in the heart rate in the presence of 
impaired conduction might further depress conduction suggested itself 
as a possibility, but this explanation Avas refuted by the observation 
that after atropine, AAdien the rate increased even further (from 140 
to 170 a minute) the P-R interval shortened from 0.182 to 0.102 second. 
There are other possibilities, liOAveAmr, for Avhich no eA'idence has been 
presented in this study, such as temporary local asphyxial changes 
affecting conduction, or that preceding the depression, there is brief 
stimulation of one Amgus nei’Am, in evidence Avhen its excitability has 
been greatly increased bj^ a large dose of morphine. 

SUjMMARY AND CONCLUSIONS 

1. Experiments Avere performed to study the effects of ether on the 
susceptibility of the cardio-inhibitory nerves to stimulation by mor- 
phine in the dog. 

2. The results shoAV that ether depresses the vagus and may abolisli 
partially or completely the effects of stimulation of these nerves by 
morphine. 

3. After large doses of morphine, deep ether narcosis may abo is i 
vagus effects upon the sinus and not those upon conduction. 
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4. Ether by inhalation, in closes that do not paralyze respiration, 
depresses, but does not completely paralyze the vagi. Atropine is 
still effective after the full effects of ether have been induced. 

5. Caution is necessary in the interpretation of the results of studies 
on the response of the vagus nerves in the dog during ether anesthesia. 
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THE EFFECT OF OBSTR.UCTION OF COEOHARY ARTERIES 
UPON THE T-YUWE OF THE ELECTROCARDIOGRAM^ 

Harold L. Otto, M.D. 

New York, N. Y. 

^ I ^HE T-wave of the electrocardiog-rani changes its form or direction 
J- when the niyoeardiuni is injured. Tliis fact Avas observed experi- 
mentally by Eppinger and Rothberger" in 1909 and has liad ahinidant 
confirmation in the human electrocardiogram. Eppinger and Rotli- 
berger further obseiwed that tlie elianges in tlie T-aa^a'c they induced 
tended to be opposite in character for the tAvo Awntricles. The injec- 
tion of sih^er nitrate solution into the muscle of the right and basal 
IDortions of the heart caused the T-AvaAm to become negative, AA’hereas 
such injection into the left and apical portions of the heart resulted in 
a positive T-Avave. They further found that spraying ethyl chloride 
on the heart also affected the T-avra'C, but the changes Avere opposite 
in direction to those folloAAung the injections. The effect of cold Avas 
confirmed by Wilson and Herrmann- and by Smith,® and the experi- 
ments of Wilson and FinelP indicate that the hmnan lieart responds in 
a similar manner. 

I have i^reviously shoAvn® that the ligation of the right coronary 
artery causes negativity of the T-Avave Avhile ligation of arteries sup- 
plying the left side of the heart has the reverse effect upon the T-vave 
of the electrocardiogram. Since these effects are similar to those ob- 
sei'A'^ed by Eppinger and Rothberger,^ they are probably due to similar 
causes, as it is functional impaii-ment of a given area of muscle AAdiicb 
produces the changes in the electrocardiogram Avhen coronary arteries 
are closed. 

A re-inAmstigation of the effect of cold Avas made," and it Avas found 
that cooling the muscle, Avhich prolongs the contraction, produced the 
effect reported by Eppinger and Rothberger, Wilson and Hernnaun, 
and Smith ; on the other hand, freezing the same areas of muscle so 
that their function Avas entirely abolished reversed the effect upon the 
T-AAmve. The facts suggest, therefore, the hjqjothesis that a tendency 
to negativity of the T-Avave results from activity that is greater in 
duration or intensity in the muscle of the left loAver portion of the 
heart, AAdiieh may be actual or relative as a result of diminished ac- 
tivity in its antipode, the right upper portion of the heart. When 
the positive influence upon the T-Avave is considered the circumstances 
are reversed. 

Rothberger and Winterberg" in 1910 observed that the activity of 
the accelerator nerves very markedly influences the T-Avave of the elec- 

*From tlie Laboratory of Physiology, Faculty of MecUcine, Paris.' 
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t,.nt a disdact form 

nf paeli nerve. P have recently reported that tne sin ^ 

the rio'ht accelerator nerve is often associated with a 

,,00.1 ite T-wave, and tlie stimulation of tlte left aceclerator ncm ^ 

JiUi a positive influence upon the T-wave-cfliects which arc simi ai 

to those eansed by injection of the muscle' or the closure ot coronaij 
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arteries.” If the above hypothesis is correct, accelerator nerve ^ 
tion affects the T-wave of the electrocardiogram hy decreasing 
duration of the activity of the innscle affected. 


the 


Similar changes in the T-wave are also obtained by changes in the 


iiitracardiae pressure.“ A sndden increase in the intracardiac pre.ssnre 
of the right ventricle (clamping the pulmonary artery) causes tempo- 
rary negativity of the T-wave and the same procedure in tlie case of 
left ventricle (clamping the aorta) tends to produce- the reverse effect. 
Here the T-wave is affected perhaps because interference with the 
function of the muscle upon the side in wdiich the intvaeavcliac pres- 
sure is increased results in relatively greater function in the muscle 
of the antipode. 

This report is concerned with the changes in tlie T-wave of the elec- 
troeardiogram when the three principal vessels of tlie lieart (tlie riglit 
coronary artery, and the circumflex and auterior divisions of the left 
coronary artery) are obstructed. These vessels supply respectively 
the right upper and anterior, tlie left posterior and lower, and the 
intermediary or apical portions of the lieart. Tlie experiments, there- 
fore, were actually determining the effect upon the electrocardiogram 
of interference Avith the function of large areas of muscle in these three 
portions of a heart. 

The experiments Avere upon dogs under chloretone narcosis, Avith 
artificial respiration and the heart expiosed by remoAung the sternum. 
The electrocardiogTams Avere taken AAutli the electrodes inserted into 
die right forepaAv and left hind leg. There Avere eighteen experiments 
in all. In four, the mechanical movements of the heart Avere simul- 
taneously registered from the base of the right ventricle after fixing 
le apex to the diaphragm with a single suture. In every instance 
le artery was obstructed by gently lifting it from its bed and applv- 

"hieh Zf discoloration and loss of muscle function 

doctrocuVil-f-!'' ? f’" ’'""‘O''"' tlie 
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Tlie closure of the right coronaiy artery had a negative influence 
upon the T-wave of the electroearcliogTain. The closure of the circum- 
flex division of the left coronary artery had the opposite effect, namely, 
elevation of the T-wave. The closure of the anterior division of flic 
left coronary artery tended to produce both effects, i.e., the T-wave 
began before the complete ascent of S, yet its peak became more 
positive. In two of the experiments the closure of this vessel caused 
only the positive effect upon the T-wave. These effects are shown 
in Fig. 1 . 

The zone of discoloration which followed the closure of the anterior 
division of the left coronary artery appeared at the lower portion of 



Fig. 1. — Axial electrocardiogram, 
closure of the right coronary ar 


-ram. Time in fiftieth seconds, u, The no'-mal; Js 
rtery; c, closure of the descending division o/ \‘'® 
coronary artery ; dj closure of the circumflex division of the left ^ ^ 

The same, another experiment. In this animal onlj the posiU\e 


The same, another experiment, in tins y‘“-' '"T “;‘A“,.T-'’nnnearea. 

from the closure of the descending division of the leH appeal e 

_ : * rpfig small degree to which change occuiieu 


T-wave 

a- b- c- d-. The same, a third experiment. 


here was not due to an equivalent insignificance in the changes occurring in tne 
cle. The latter was as prominent as in other experiments. 


the anterior interventricular groove and the apex of tlie heart. Divic - 
ing the ventricles into ttvo hahms, the one to the right above au 
anterior, the other to the left and posterior, it tvas, roughly, between 
the ttvo. The involvement in the portion of the heart situated on its 
right side tended to cause negativity of the T-wmve and involvenien 
111° the portion on its left side positivity of the T-wave. The expecta- 
tion, therefore, that the closure of the anterior division of tlie let 
coronary artery would produce less characteristic change in the ton 
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of the T-wave than Avoiild be tlie case willi llie other two ve.ss{!l.s, and 
that the change wliieti occurred would partake of the nature of that 
associated with the closure of one or botli of the other two was fuiniled. 

Ill three of the experiments, immediately after the closure of tlu* 
circumflex division of the left artery, the T-wave became negafivi' be- 
fore the usual effect, positivity of the T-wave, appeared (hhg. 2). This 
fleeting reversal of the effect upon the T-wave is similar to that which 
is often observed wlien the acceleratoi* nerves ai’e stimulated.'' 
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impairs the fmietion of a larg-e portion of tlie outer ivall of the riolit 
ventricle. This experiment presented an unusual contrast between 
the tivo because the change in the T-wave was insignificant. 


SUMMARY AND DISCUSSION 

The experimental occlusion of the principal coronai’y arteries pro- 
duces changes in the T-ivave of the electrocardiogram Avhich vary in 
direction depending upon the vessel involved. AVhen the muscle of 
the right and anterior portions of the heart (including the basal por- 
tion in that region) is involved by the occlusion, the T-wave tends to 
become negative, and Avhen the muscle of the left and posterior por- 
tions of the heart is involved, the reverse is the ease ; the T-wave tends 
to become positive. These and other observations cited suggest that 
the T-wave of the electrocardiogram of the intact heart in sitn/^ reflects 
the disturbances which occur in the balance of the electrical activity 
of the two halves of the heart (the halves correspond approximately 
to the right and left ventricles). When a change in the heart muscle 
occurs, the effect that is exerted upon the T-wave depends upon the 
location of the injury -with respect to the two lialves of the heart. 

The axial lead was employed for these experiments. That the line 
of the leading also plays an important role in the form of the T-wave 
is suggested by the work of Katz and Weinman. “ These authors 
concluded, however, that the T-wave is due to an unecpial duration 
of the activity of the various fractions of the ventricles. Further evi- 
dence is visible in the fact that the curves of simple strips of heart 
muscle,^-’ electrograms, do not essentially differ from curves of the 
entire heart, electrocardiograms. I have called attentioid'' to the in- 
fluence that the line of the lead may have in determining the form 
of the T-wave after the stimulation of the accelerator nerves. 

Further investigations along these lines will be reported in subse- 
quent communications. 
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myxedema hearts 

AVitii Report op Two Cases 

Jacor Easton IIolzman, Ji.D. 
New York, N. Y^. 


rpHE so-called myxedema heart, rvas first reeogim.cd bA Zoiultk m 
1 1918 As eharacleristic features he, descnbed the marked onl.n^ - 
of the left and right ventricles of the, heart., slow pulse rate, 
normal blood pressure, and electrocardiographic changes. 

In his first paper, Zondek reported four eases of myxedema which 
showed the classical features of the disease, and in which the tele- 
roentgenograms revealed an enlargement of the heart both to llie right 
and to the left, with a marked reduction in its transverse diameter 
after thyroid therapy. The electrocardiograms of his ]>atieut.s showed 
low or absent P-waves, absent T-waves, and changes in the QE8 com- 
plexes. The intraventricular conduction defects disajijieared with tiie 
reduction in the size of the heart when thyroid extract was adminis- 
tered. As these patients improved, the basal metabolic rates increased. 

The transverse cardiac diameter in Zondek’s first case measured 
19.7 cm. In order to test whether this “high grade dilatation is in 
reality an expression of the myxedematous syndrome,” he studied the. 
influence of thyroid substance on the size of the heart. After four 
Aveeks of this therapy, there Avas a definite reduction in size; the trans- 
verse diameter uoav measured 17.8 cm. Eight Aveeks after the begin- 
ning of treatment, there Avas a .still more marked reduction, to Id cm., 
AAdiieli AAms the normal for that indiA'idual patient. The changes noted 
on fluoroscopy were that the heart appeared as a “lifeless, expression- 
less mass Avith deformed contour”; “a livelier action and normal 
cardiac silhouette were revealed” after therapy. The cloetrocardio- 
p-anis also returned to normal. Corresponding changes Avere obtained 
m the hearts of the three other patients. The illustrations of Zondek ’s 
roentgenograms and electrocardiograms before and after treatment are 
very striking. Zondek thought that tlie marked reduction of the size 

hi 1L7“ or 

s theoiy will he discussed later in this paper, 
to tesrtLTlf “7 "'I™”*’ “'"'triltflion. 
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transverse diameter was reduced to 12.7 cm., and the pulse rate in- 
creased to betiveen 70 and 80. 

In his 1918 paper, Zondek showed that the myxedema heart resulted 
from the damage to the myocardium and not to the nervous elements 
of the heart and that the thei-apeutic influence of thyroid extract is 
on the muscle. In his second paper, published in 1919,=* he reported 
two further eases. One, a sixty-two-year-old woman, showed mild 
signs of cardiac insufficiency and liad a blood pressure of 160 imn. and 
a iHilse rate of 52. The x-ray plate showed enormous dilatation of all 
the cardiac chambers and marked widening of the aorta. It is of 
particular interest to note that the electrocardiogram showed absent 
P- and T-waves. In addition, tliere were ventricular extras 3 'stoles in 
which the T-waves were present. This brought up the question 
Avhether the muscle of tlie m.yxedema heart was in a state of dimiuislied 
suseeptibilitj' to excitation or was of diminislied contractile power. 
This was suggested because the exti-asystolie contraction revealed the 
fact that the uyvxedema heart is capable of eliciting a T'-wave. It is 
not knoAvn whether the normal T-wave and the T'-wave of an extra- 
systole are due to one and the same phenomenon. His second case, 
a forpv-two- 3 ’’ear-old major, has frequentlj’ been quoted because of the 
unusual development of the di.sease in tliis i:)atient. This man received 
a gun-shot wound in his neck wliich resulted in a long period of siip- 
.puration of the th.vroid gland. He then developed tj^pical signs of 
luj'xedema and cardiac insufficiene.v due to the i^resence of a mj’xedema 
heart, the symptoms of which began twelve months after the original 
injur.v. These findings Avere confirmed b.v x-ra.A' films and electro- 
cardiograms. The latter shoAved absent P- and T-AvaAms. After three 
Aveeks of th.yroid treatment, tJie symptoms of cardiac insufficiency had 
subsided and the transverse cardiac diameter had been reduced by 1 cm. 

Meissner, in 1920,'* reported three similar cases. The first Avas a 
patient of fiftj^-six j'ears in Avhom there Avas marked cardiac enlarge- 
ment to the left and right ; the sounds Avere rough, the second apical 
sound Avas not accentuated. The pulse rate Avas 50. The teleroent- 
genogram shoAA’’ed a transA'erse diameter of 20 cm. ; after treatment the 
measurement Avas reduced to 15.5 cm. A comparison of the findings 
in the x-ray plates before and after thyroidin is veiy striking, espe- 
cially Avhen one considers that mj^xedeiua had been present for tivelve 
years. The second patient had a blood pressure of 180 mm. and a 
pulse rate of 58. Examination of the heart, blood pressure, and urine 
suggested a chronic nephritis, but the entire picture Avas decidedly 
in favor of myxedema. After tAvo months administration of thyroid, 
there Avas a marked improvement of the patient’s condition, the pulse 
rate noAV being 66 and the blood iAres.sure 160 mm. .sj^stolic. It is very 
interesting, hoAvever, to note that the x-ray plate in this ease sboAved 
no change in the size of the heart. The author interprets this lack 
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of reduction as due to a complicating clironic nephritis. This, he 
states, explain the failure of the influence of thyroid substance 
on the size of the heart. The third ease showed a normal heart before 
thju’oid extract was administered and no change in the cardiovascular 
system afterwards. Thus only the first case in this reioort resembles 
the typical ones of Zondek. 


M J- tiV/X < * Hi V-tkO. i-XlLlO 

the typical ones of Zondek. 

It Avas not until' 1925 that the first paper dealing directlj^ Avith 
myxedema heart appeared in this country. This Avas a communication 
by George Fain- avIio emphasized the rarity of the condition and 
stated that he was able to collect only eight eases in the literature nn 


empnasized the rarity of the condition and 
stated that he AAms able to collect only eight eases in the literature up 
to that time. He further stated that he had seen three cases in one 
year. Tliere has been a moderate amount AAwitten in the American 
literature cmicerning observations on the heart in myxedema, but 


year. Tliere has been a moderate amount AAwitten in the American 
literature concerning observations on the heart in myxedema, but 
^eiy few authors have published x-ray and electrocardiographic reports 
Fahr’s first ease was typical myxedema in a woman of fortv-six 
'ars AAdio had all the signs of cardiac insufficiencv. Tim 


years Avho had all the^signs of cardiac insufficiency. Theydse^it^s 
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A further revieAv of the American literature ivill be given followin<r 
these two references to the French. ° 

Laubry, Mussio-Fournier and Walser,'- in 1924, reported a ease of 
myxedema in a patient who complained of typical anginal attacks and 
who showed cardiac hypertrophj’- without valvular lesions. Digitalis 
and other remedies gave no relief, but when thyroid medication Mas 
tried, there was marked clinical improvement, Avith a corresponding 
reduction in the cardiac A'olume. 

P. Abrami and his coAvorkers" reported tAvo eases, in both of Avliich 
the patients complained of precordial pain. These authors do not 
present a very careful, detailed study of their eases and do not report 
the electrocardiograms. One is not conAunced that they Avere actually 
dealing AA'ith myxedema heart, but one gets the impression that their 
cases Avere probably instances of coronary thrombosis. 

Christian in 1925® stated that although he had seen thirty-tAvo cases 
of myxedema at the Peter Bent Brigham Hospital, he had not obseiMed 
one case like those described by Fahr, and suggests the rarity of the 
my^xedema heart. Sturgis,” in his paper entitled; “The Treatment 
and Prognosis in hlyxedema,” a stud.y based upon tAventy-six patients, 
refers to Fahr’s article and states that in this disease, serious impair- 
ment of the myocardium is amenable to thyroid medication. He dis- 
cusses at length the therapy in these cases, but he does not report any 
definite cases of myxedema heart Avhieh resemble those of Zondek, 
Assiuanii, or Fahr. This same AAndter in 1926^° reported a ease in a 
woman of fifty years, avIio had myxedema and who also complained 
of anginal attacks. The basal metabolic rate of this patient Avas minus 
32 per cent and her blood pressure Avas 135/110 mm. On clinical 
examination the left border of the heart Avas 9.5 cm., and the right 
border 3.5 cm., from the midsternal line. lie did not mention the 
electrocardiogram or x-ray findings. In another case of myxedema 
in a man of fifty-scA’^en, Avho complained of dy'spnea and substernal 
oppression, the basal metabolism Avas juinus 37 per cent. The tele- 
roentgenogi’am shoAved “uniform and rather striking enlargement of 
all four chambers of the heart.” Thyroid extract Avas administered, 
but the patient still complained of substernal pain on slight exertion. 
No note was made concerning the x-ray result after treatment, nor did 
he mention any reduction in the size of the heart. Electrocardio- 
graphic reports AA^ere also omitted. It is possible that the cardiac 
enlargement in this case may liaA^e been due to a hypertension and not 
to a primary dilatation. Sturgis again Avrote on the cardiovascular 
system in myxedema in 1927.” 

'Willius and. Haines” studied 162 cases of myxedema AAdth particu- 
lar reference to the cardiovascular system. Eleven cases, or 7 per 
cent, showed eAudences of cardiovascular damage, such as cardiac 
hypm'trophy and myocardial insufficiency associated Avith hy^perteu- 
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In one man of 

Sion, renal disease, ai-tenosoie.ns.», e. rveakness, 

forlyeigM years., who £„„„d. The 

a moderate cardiac hjpei top 5 .,.(,i„j„ation and notching o! 

r^TSenrarieal ll-Sgs disappeared ato 
.Zet was alen These authors found no Change in the 
trof the heart, but they did not publish the teleroentgenogranm. 
-Subsequently, the T-waves in Lead II and III became negative m- 
creasiiig tlie probability of the associated degeneraLve myocaidia 
changes.” Here, again, it is que,stionable wdiether this case is a tuie 
myxedema heart. Electrocardiographic studies were made in o5 oi 
tlieir cases ; 28 of which were found normal ; in 12 the results were 
incomplete; in 12 others the abnormalities disappeared after thyroid 
administration. Prom their data they conclude that a cardiac syn- 
drome of myxedema does not exist. 

Means, White, and Krantz’^ collected 48 cases from the hlassaclin- 
setts General Hospital where they looked particularly for the cardiac 
changes in myxedema. They report one case in wdiich the cardiac 
enlargement subsided lyhen thyroid substance was given. This was 
a woman of fortj^-four years, a typical myxedema patient, in ivhom 
the basal metabolism rate was minus 34 per cent, the pulse rate 66, and 
the blood pressure 148/90 mm. The electrocardiogram was normal. 
The seven foot plate of the heart revealed a general enlargement, with 
a transverse diameter of 14 cm. This patient was given thyroid ex- 
tract and fifteen days later, the basal metabolic rate rose to minus 4 
per cent and tbe x-ray plate showed a transverse cardiac measurement 
of 11.7 cm. The pulse rate rose to 100 per minute. Incidentally, this 
patient died suddenly sixteen days later. These authors believe that 
the condition of myxedema heart exists, but that it is exceedingly rare. 

Cursehmann, in 1926,^^ reported a case of myxedema lieart in a 
man sixty years old, with results similar to those of Zondelc and 
Meissner. In a woman of forty-seven with myxedema lieart and 
cardiac insufficiency, Zins and Kdsler^^ showed a reduction of the 
transveije cardiac diameter from 14.9 em. to 11.6 cm. after three 
weeks of thyroidin. 


The basal metabolism rate 


was minus 20 per cent, the blood 
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In 1927 Falu’*‘ reported six cases of myxedema lieaT-f r 
first case reported i.t his earlier paper. 

Because of the scarcity of case iiistories in the studv of mtr i - 
heart, the ,„Uo,vi„s two cases of ...,.ede.„a, p dth S 
genogiapiiic findmg-s, seem of sufficient interest to report. > The first 
patient was studied on the medical service of Doctor B S Oaneu 



Pig-. 1. — Appearance of the patient, L.. S. (Case 1), before thyroid evtract "'as 
given. Note the expressionless face, the thick lips, and the pigmented dorsal . surface 
of the hands. 

Case 1. — L. S., aged fifty-eight years, wiio iiad been married for tiiirty years, 
had four living cliildren. He was known to have had myxedema for eighteen years, 
but he had never adhered strictly to treatment and had never been studied in any 
one clinic. He showed the characteristic slow mental reactions and other features 
of the disease. When first seen, he took very little interest in his environment, was 
very uncooperative and refused to answer direct questions. Typical answers in Jus 
history are: “I don’t care,” and “What difference does it make?” He was once 
a painter, but had not worked for years because he felt “sick and weak.” He 
always complained of feeling cold, seldom shaved, and had not had his hair cut 
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ill two years. Examination revealed an expressionless face^ thick lips, diminished 
palpebral fissures, pads of thick tissue about the eyes and supraclavicular swellings. 
He passed most of the days in sleep and seldom left his bed. Other classical 
features, such as dry skin, irregular borders of the hair distribution, and slow, 
sluggish speech were noted. There was an abscence of axillary liair and scanty 
pubic hair. Tlie tongue was thick and pudgy. The thyroid gland was not 
p.alpable. Examination of the heart sliowed that it was enlarged. The pulses 
were equal, regular, of fair tension, and rate of about 66 per minute. On palpation 
no demonstrable thickening of the peripheral vessels could be detected. The blood 
pressure was 110/68 mm. There was dullness over the right lower lobe of the 
lung and a few crepitant rales were heard. The hands and feet were short, and 
the skin was thickened. The scrotum showed patches of vitiligo. The dorsal 
surfaces of the hands revealed a roughened, scaly, brown pigmented skin. Exam- 
ination of the blood revealed a moderate secondary anemia. The basal metabolic 
rate before treatment was minus 20 per cent. The urine contained no albumin 
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put on thyroid extract, six grains per day, and shortly aftenvard, he shoived 
the usual dramatic improvement. He became more alert; began to feel narm 
for the first time in years, and asked to get out of bed. The basal metabolism 
rate gradually rose, so that on the tenth day it was minus 12 per cent. An x-ray 
plate taken three weeks later showed a disappearance of the indammatory process 
at the bases but no change in the size of the ’heart. Thyroid e.xtract was con- 
tinued until a total of 173 grains had been given in seven weeks. At this time 
the patient’s pulse became more rapid; there was a marked improvement in his 
mental attitude and alertness. He began to take an interest in his person, and 
shaved twice a week. His blood pressure was ldS/64 mm. He felt so much bet- 



ter that he was discharged. At this time his basal metabolism was plus 9 per cent. 
Another x-ray was taken which revealed no change in the size of the heart. 
Another electrocardiogram showed even better than the previous one the notching o 
the QES in all three leads, the low voltage in all leads, the inversion of the T-wave 
in Lead III, and an intraventricular conduction* defect. _ 

After discharge the patient was given maintenance doses of thyroid extrac 
and was seen at intervals of two weeks. He claimed to have adhered to ns 
therapy regularly. There was such a marked improvement that he said Ins on a 
friends did not recognize him. Two months later a seven-foot plate of _ 
showed no demonstrable reduction in size (Fig. 4). The apparent difference in 
transverse diameter could well be explained, according to the interpretation of • 
Harry Wessler, as resulting from changes in the height of the diaphragm 
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occur during tlie rospiratoiy cycle. Variations iii the technic of taking tlie plates 
may account for slight changes heretofore reported in the literature. His basal 
inefabolic rate now was minus 4 per cent, his pulse rate 70. He did not complain 
of any feelings of discomfort. An electrocardiogram taken two months after treat- 
ment also revealed no definite changes as compared with those taken earlier. 

One of the most striking features in this case is the absence of 
reduction in the size of the heart and of improvement in the eleetro- 
eardiograpiiie changes, despite th3H-oicl administration which was 
otherwise efficacious. There is a marked contrast between those eases 
of myxedema in which the electrocardiographic and roentgenological 
abnormalities disappear after thyroid medication (Zondek, Assmann, 
and Fahr) and those, like the case just cited, in which no definite 
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latter group, not amenable to the influence of tliju-oid medication. 
Case 1 resembles the second ease of Meissner, already quoted, where 
similar observations were made. It is possible that the long duration 
of mj-xedema (over eighteen years) may have been a factor in the 
production of organic changes in the heart; changes of such a charac- 
ter that they could not respond to thyroid therapy. These observations 
may be of further help in establishing tlie mechanism of the reduction 
in the size of myxedema heart in sueli cases as those quoted by Zondek. 
He stated that the apparent enlargement of the myxedema heart was 
due to a dilatation, because of the rapid reduction in size in response 
to tliyroid. The cliaraeteristic eases in the literature show that when 
reduction occurred, it usually took place -within a few weeks. The 



Fig. 5. — ^Teleroentgenogram of Case 2 (M. H. ). There was a general enlargeiiieiu 
of the cardiac shadow to the right and left. 

case presented in this report was obserAwd for over four months. 
No further changes in the size of the heart may be expected. This 
we interpret as an expression of cardiac hypertrophy per se and 
would expect to find, histologically, fibrosis of the myocardium. 

Case 2. — M. E., twenty-six years old, male, single, was studied in tlie dispensap 
service of Dr. Harry Wessler. This patient had always been a “good student,” 
but was very phlegmatic and could never hold nny responsible position. He com- 
plained of “inability to work,” On examination, the puffiness of his eyelids an 
the thick, broad tongue were prominent features. On percussion the heart vas 
enlarged to the left. There was a moderate pretibial edema, a palpable, liver, an 
an enlarged spleen. The iionprotein nitrogen was 35 mg., the blood cholesterol 
mg The total protein and differential blood picture were normal. The blood nine 
was found to be 3.1 or 50 c.c. per kilo. The initial basal metabolic "ums 
18 per cent. The patient weighed 139 pounds, his blood pressure was lOO/ou mn ., 

urine ivas negative. 
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a “marked enlargement” of the heart. ^ S poor.” The elec) ro- 

lelt vcrru-icular preponderance. 

electrocardiographic changes 

There have been many electimcaiTliogiAaphic stiulies m 
sufficiency Some of the findings have already been qnot . 
:S’obsen.ed low P- and T.vaves. He tl.ongld that cloc o 
cardiograms were the best guides to therapy and suggestec i 
in control.'® It is difficult to explain why the P- and 1-wave.s c 

absent and return after treatment. ^ _ 

Zondek- stated that there is a different underlying condition to 
explain the diminished action and power of the niyxedeina heart , lOiii 
that in myocardial insufficiency due to other causes. He thinks that 
the return of the T-waves after treatment is due to a gradually in- 
creasing strength of the heart’s action. By means of phlebogiams 
he demonstrated that the auricular wave is absent in this disease. The 
auricle, however, is not “still”; a number of minute twitchings are 
shown, which may be due to an “auricular tachycardia.” The dilata- 
tion of the auricle is passive, the .so-called myogenic dilatation due to 
stasis. There is a diminution, consequently, in the propulsive force 
of the heart. Thus he explains the absence of P-wave. Tlie snb.se- 
qiieiit work of Lueg*^ and of Nobel, Rosenbliitb and Sainct"* offer a 
better explanation. 

Thaeher-' studied electrocardiograms of 8 cretins and concluded that 
the T-wave is flattened, low, or even inverted in cretinism and returns 
to the normal after thyroid administration, 

Gardner"" reported a ease in wliieli tliere was a splitting and widen- 
enhig of the QRS complex and negative T-wave in Lead I with a 
return to normal after giving thyroid extract. Nobel, Rosenbliith, and 
Samet'® also studied tlie electrocardiograms in thyroid insufficiency 
and came to similar conclusions. Tbacher and White-' showed in 
every one of 14 cases of myxedema, a decrease in the height of the 
T-wave m Lead I as compared with the normal. No auriculo-ventvicu- 
iar or mtraventncnlar block was noted. The P-R interval was usually 
normal. The QRS complexes in some ca.ses showed a decreased ampli- 

These author.s 

diaw a definite relation between the T-wave as observed in the electro- 
cardiogram and the basal metabolic rate in mvxedema 

seiitln ttry^i necessarily ab- 
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first case, the first change to normal after the administration of 
thyroid extract was in the T-ivave in Lead I, which was diphasic at 
first and later positive. Next the shirring of the QRS became uomfi 
and the conduction time decreased. 

Lueg'-" attempted to explain the electrocardiographic changes in 
hypothyroidism by an altered electrical capacity of the sldn rather 
than by myocardial changes. ' 

Nobel, Kosenbliith and Sainet state that the increased resistance of 
the skin and tissues could, in part, account for the changes in the 
electrocardiograms. To decide tJiis question they investigated the 
skin resistance, which was known to he increased, and then attempted 
to reduce it. In place of the usual plate electrodes they substituted 
needle electrodes, both on the extremities and thorax. The resulting 
electrocardiograms taken by the new technic (employing one needle 
electrode in the sternal end of the second right intercostal space and 
the second needle in the region of the cardiac apex) revealed the 
presence of P- and T-waves. They concluded that there are no changes 
in the conductive mechanism of the mj'xedema heart, but that the 
electrocardiographic changes ai'e expressions of the abnormal skin 
resistance and, therefore, an indirect evidence of metabolic changes. 
These conclusions speak against the theory of Zondek; namely, that 
the absence of P- and T-waves is due to a disordered cardiac conduc- 
tion mechanism. 


THYROID MEDICATION 

Sturgis and Whiting^ administer thyroid gland, 0.13 gm., three times 
a day for five days. The iiatient is carefully watched for such un- 
toward signs as loss in weight, rapid pulse rate, and complaints of 
palpitation, dyspnea, dizsine.ss, nausea, or a feeling of warmth. If 
these do not appear, they continue giving thyroid tablets, 0.13 gm., 
twice a day, continuing until the pulse is about 75. hlaintenance 
doses of 0.13 gm. daily are given when a satisfactory basal metabolic 
rate has been reached. 

These authors advise a careful watch for untoward signs, because 
some patients with myxedema have serious cardiac impairment. They 
report the case of a woman of fifty years (quoted above^®) who died 
suddenly during her treatment. At post-mortem examination, coronary 
arteriosclerosis, cardiac infarction, and hypertrophy with dilatation 
were found. Christian sounds the same warning. These authors sug- 
gest that after ■ thyroid treatment, the increase in the metabolism 
throws an added burden on an already damaged myocardium which 
is unable to meet the strain. 

Zondek also warns against treating patients with thyroid extract 
without sufficient grounds. He thinks that in the absence of cardiac 
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e„,avge.neut and eleeU-ccavdiographie evidences, cave shonld be oxer- 

eisecl in tlie use of thyroid extract. _ onvioii- 

ci "o venorts a very interesting case of myxedema m 
, I rill X PpeLed when tbyroid-substance was given, ceased 

‘iXaoid was disconttaed. but vcappearcd 

readininistered. Again the therapy ivas s oppec prolonf’-a- 

came regular. In Ms case the electrocardiogram showed a pioloii^ 

tion of the P-B interval (0.24 seconds). 


CARDIAC PATHOLOGY IN jMYXEDEJIA 

Little is knonm concerning the pathological findings in the iieart m 
myxedema. After extirpation of the thyroid gland, Kislr- and Bensen-' 
hare found degenerative ehaiiges in the myocardium, describing fix si 
the loss of transverse striations ivith granular disiutcgvatiou ; and, 
later, cloudiness of the muscle fibers. C. Wegelin-” iu an exhaustive 
study of the thyroid states that tlie most common anatomical finding 
iras the dilatation of the heart. 

Goldberg^® performed thyroidectomies iii sheep and goats. In 11 
out of 17 sheep he found calcification of the aorta, cardiac dilatation 
and a degree of atherosclerosis not found in his control animals. He 
described a flabby mjmeardium in which microseopically no ci'0.s.s 
striations could be seen. The fibers were found to be densely packed 
with deeply staining nuclei. There ivas also vaenolation of the 
Pnrkinje fibers. A comuion post-mortem finding was calcified plaeques 
in the pulmonary artery and in the thoracic and abdominal aorta. 

Scliultz®’^ found a peculiar infiltration of mucoid substance and a 
thickening of the aortic valves. He also found a disintegration of the 
muscle fibers. 


Other observers have noted the sclerotic processes in the aorta and 
coronary arteries. A. Pishherg^- pointed out the frequency of athero- 
sclerotic changes in myxedematous patients involving commonly the 
kidneys, and frequently associated with hypertension and myocardial 
insufficiency. In discussing the myxedema _ heart, he sugge.sts that 
arterioscleroLc changes may indirectly play a role in tlie pathogenesis 
0 this condition. These observations liave been frequently made in 
pxecema. It wdll be recalled that in Meissner’s second case (see 
V associated hypertension and chronic nephritis. 

c iXn r®' T the reduction of tlm 

caidiac volume after thyroid administration in some cases. 

f morphology of the heart muscle 
rabbits ti,e aJlifl ‘byi-oideetomies on 

two to ’forty 

J days postoperatively. These anthoi-s oonelude tliat 
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cardiac signs of inyxedenia are not due to alterations in the luyoeardium 
because no characteristic pathological picture could be deteetpfl 

I I * I 1 • v.vv>tC\l Ail 

their studies. 


MECHANISM OP THESE CHANGES 

^ The last authors quoted emphasized the observations that the cardiac 
signs in myxedema appear quite early. They do not believe that these 
changes are of an anatomical character, the relief following thyroid 
treatment being against this theory. Means and his collaborators con- 
sider the cardiac changes to be functional, directly due to thyroid 
insufficiencj^ as proved by the relatively rapid response to th.vroid 
therapy. They differentiate this tyjie of case from those nij’^xedeinatous 
hearts in ivhich there are organic changes. 

Zondek, in his first paper, raised the question regarding the ineeha- 
nism in the cardiac reduction in this disease. He states that there is 
dilatation of the heart and not hyiiertrophj''. He reasons as follows:®* 
the heart becomes smaller with an increased stimulation of the accel- 
erator nerve or ivith an inhibition of the vagus nerve. This can he 
recognized by an increase in the pulse rate. In his cases, there was 
an increase of 20 beats per minute, ivhich in itself does not explain 
the decrease in the size of the heart. Hence, he concludes that 
thyroid substance acts on the heart muscle itself. He draws an 
analogy with Kramer’s studies of the skeletal muscle in myxedema 
in -which he finds an inhibition. By increasing the tonus there is a 
decrease in the size of the muscle. In his book. Die KraMieiten der 
Endoki'inen Driisev,-^ Zondek attempts to explain the dilatation of the 
heart and its reduction by turn factors: a nervous and a physico- 
chemical one. He points out that the s.vmpathetic is the tonus nerve 
to the myocardium and that myxedema is characterized bj’- a high 
grade of sympathetic irritability, which is seen in the hypotomis of 
the myocardium -which in itself may lead to a chronic dilatation. 
Thus it leads to serious myocai-dial injuries, the muscle fibers and con- 
nective tissue being filled with an edematous fluid, quite like the 
mucoid connective tissue of the skin in myxedema. The thyroid 
stimulates the sympathetic, and the cardiac tissues become markedly 
dehydrated. 

Zandren®® noted the disproportion between the objective cardiac 
findings and the severe subjective symptoms of insufficiency in cer- 
tain eases of myxedema heart. In his paper, he discussed Eppinger s 
theories of edema at length and suggests that the eases described as 
myodegeneratio-cordis by Eppinger may belong to the same class as 
the cases of myxedema heart described by Zondek. The I’esults of 
thyroid therapy accomplished by both authors suggested this to Zan- 
dren. He thus explained the mechanism of the thyroid in Eppinger ’s 


cases. 
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JIYXEDEMA IIEAKT 


summary 

1 Myxedema heart is characterized by an enlargement of 
», lv pulse rate, a uov.ua, blood press., vo, aud Ceetrooa.d.o- 

7“Se..,a bear, ..-as deseribed „. b,v /uu.deU, u;,.o 

oir'lrL cardiac „ypovt.-op,.y a..d de„.o..sn-a,od ,l.e red, .Con 

* -1 > 1 


studies. It is possible that certain patients were snlYenng Ivom 
coronary artery disease. 

4. A ease is reported of a fifty-eight -year-old man who presented 

f» . > • T _• T** /tfieii 


eleetroeax*diogram revealed a low vollajre m all Dnv'O loans, n icii 
ventricular preponderance, and a notching and prolongation ol the 
QRS complexes in all load.s. After Ircalmenf mitli thyroid snb.stanee 
there was clinical improvement in llie myxedema, but no demonstrable 
changes were observed either in the x-ray outline of the heart or in 
the electrocardiograms. Tlic second case re))or1ed was that of a 
young man of twenty-six year.s, whoso basal metabolism rate W'as 
minus 18 per cent. The electrocardiogram was not characteristic in 
this case. 

5. Many electrocardiograiihie .studies liave been made in hypothy- 
roidism. Absent P- and T-waves are well known. Widening and 
notching of the QRS complexc.s, and negative T-waves have been de- 
scribed. Loiv voltages are known to occur, ./M) tliese characteristics 
usually disappear after thyroid medication. 

6. Theories ■which explain the above changes are diseu.ssed. 

7. Methods of .safe administration of thyroid gland products and 
dosage are recorded. 

8. Tliere arc pi-obably two groups of coses ol' ...yxC™,,, ),o..,rl • 
those wluel, respoud to thyroid tl,ci-.ipy. .o„d ,l,„sc i„ wbiol, „ l„,„. 
standing myxedciua and other factors p.^oduco penuoueut Condos 

erayocardnim wlucl, do „ot pc-iuil o[ a .■espouse to lliyroid ...edicaliou. 
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Joseph. Sailer 

I N THE recent untimely death of Joseph Sailer Hie medical iirofes- 
sion has lost a distinguished representative, and preventive medicine, 
as it relates to heart diseases, one of its staunchest sujiportcrs and most 
active protagonists. 

He was among the first to recognize the imjiortance of, the jiuhlic 

health aspects of heart diseases and early gave his earnest support to 

the efforts being made to arouse more general interest in measures for 

the better control of these diseases. It was due chiefly to his enthnsin.sm 

and initiative that the Philadelphia Heart Association was organized 

and became so potent an agent in advancing the welfare of the Iieart. 

pa lent. Later he played a leading part also in the organization of the 

^®^°ciation and was tireless in his efforts to 

H*™ r f «<rfiac patiems. 

a., a til 11, American Heart Association, was 

Ws clcath anlpl,''! Committee until a short time before 

ath and served as its president from 1926 to 1928 

ills ft™ heart disease, intense 

> P d only a small part of his activities. For 
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3'ears as Phj’siciaii to both the Presbj’teriaii and the Philadelphia Gen- 
eral Hospitals and as Professor of Clinical Medicine in the Medical 
School of the University’- of Pennsydvania he won fame as a Avise clinician 
and a successful teacher. Upon every phase of his professional Avork 
he brought to bear keen insight, sound judgment and a scientifically 
trained mind. 

The AA’orld is poorer for the passing of Joseph Sailer and those of us 
AA’ho Avere pi’ivileged to be counted among his manj’- friends have lost 
a loj’al and AAmrm-hearted comrade. 



Department of Reviews and Abstracts 


Selected Abstracts 


Palmer, Eobert S., and White, Paul D.: A Note on tlio^ Coiitlnnons Hnninilng 
Murmur Heard in the Supra and Infraclavicular Fossae and Over tlic Manu- 
brium Sterni in Children. New England .T. IMcd. 199; 121)7, ID'JS. 

Fourteen cases .showing the contiinions humming murmur best beard on Ibe 
right side of the noek also heard in the iiifraelavienlar fo.ssae over (lu; manu- 
brium sterni and sometimes on the left side of the ncelc, have been reviewed 
in order to call attention to a common phy.sieal .sign in childliood. Iti (his 
series of fourteen cases, patent ductins arteriosus was wrongly considered three 
times and aortic regurgitation was wrongly considered twice." 

When the chin is raised and turned to the left this murmur will often lie 
heard m children when otherwise it is not present. It mnv be beard bv (his 
maneuver in some adults. 

Although most writers hold that the murmur arises in the veins, this thonrv 

«r;': "■» -r 

ever the vascular origin. ”»P')rtnnt role, what- 

'"'ri 

)■»«, . third i, «'"1 llto crli,..., h, 
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that skin sensitivity to filtrates from either series of strains -svas very much 
more marked in rheumatic individuals than in the control subjects. This in- 
creased sensitivity of rheumatic subjects was more clearly demonstrated with 
the anhemolytie than with the hemolytic forms. 

The skin sensitivity was most marked in subjects during the acute phases 
of rheumatism, negatirm reactions frequently occurring as convalescence was 
established. 

The author followed certain rheumatic subjects for a considerable period 
of time and wms able to correlate the changes in the intradermal injection 
■with the clinical condition of the subject and analogy could thus be drawn 
between her findings and those of Dochez and Stevens on experimental allergy. 

The author concludes that rheumatic fever is an allergic manifestation due 
to streptococci occurring in predisposed individuals. The evidence would point 
to a heterogeneous group rather than one particular strain of streptococcus 
as being responsible far rheumatic fever. 

Clawson, B. J.: Experimental Eheumatic Arteritis. Arch. Path. 6: 947, 1928. 

In this paper a description is given of certain arterial lesions that were 
produced experimentally. Streptococci had been repeatedly injected into mon- 
keys in an effort to produce glomerulonephritis. Microscopic examination 
showed in the kidneys of two of the monkeys vascular changes which bore a 
resemblance to the lesions described by Klotz and Pappenheiiner and von Glahn. 
The two monkeys had received intravenous injections of strains of Strepto- 
coccus viridans, isolated from the blood of patients having acute rheumatic 
fever. 

In another series of experiments in which many rabbits had had streptococci 
injected intravenously or subcutaneously in the effort to produce, e.vperinientally, 
Aschoff bodies and subcutaneous rheumatic nodules, similar examples of arter- 
itis wrnre noted. This arteritis was commonly found in the hearts of rabbits into 
which streptoeeoeei had been injected intravenously, and practically always in 
the subcutaneous tissues of rabbits into which the streptoeeoeei had been in- 
jected subcutaneously. 

The result of these experiments showed that by injecting streptococci into 
rabbits and monkey's lesions could commonly be produced in man which mor- 
phologically' appeared similar to the rheumatic lesions in many. The morphology 
of the cellular reaction in this experimental arteritis was similar to that found 
in the Aschoff nodule and in rheumatic inflammation in other parts of the body. 

Clawson, B. J.: Experimental Subcutaneous Rheumatic Nodules, Am. J. Path. 

6: 565, 1928. 

In this paper a microscopic study' is made of human subcutaneous rheumatic 
nodules and of the nodules produced experimentally in tbe subcutaneous tissue 
in rabbits by injecting streptococci. The purpose is to compare the structure of 
a known rheumatic lesion with that of a lesion which has been produced expen- 
nientallj' to arrive at further conclusions concerning the casual relation of 
streptococci to rheumatic injections. 

The nodules were produced in the subcutaneous tissues of rabbits by in- 
jecting different strains of streptococci in vary'ing amounts and at different 
intervals under vary'ing conditions. Five different strains of streptococcus 
W'ere used. Two of these were isolated from the blood of patients having acute 
rheumatic fever, one from the blood of a patient with subacute- bacterial endo- 
carditis and two from pus from sinuses in cases of sinusitis. 

Ten rabbits were injected intracutaneously and subcutaneously m many 
places with these organisms. Most of the animals had been previously inyecte 
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with strains of streptococci intra-arterially through the left ventricle of (he 
heart. Others had been previously injected subcutaneously in one area with 
a mixture of streptococci and agar. 

The reaction found in the injected areas depended on (ho \'inilone(> of the 
organism, the number of organisms injected and the time of the removal of 
the nodules after injection. The most virulent organisms tended to ju'odiiee 
local abscesses, also if the area of injection was excised shortly after injection, 
there were signs of abscess formation. If organisms of low virulence were 
used or if small numbers of organisms were injected if the urea of injection 
was e.xcised at a later day there were found typical proliferative nodules at 
the site of injection. The reaction observed in thc.se nodule.s wa.s .similar to 
those found in the nodules removed from human bcing.s. Since these experi- 
mental nodules occur obviously as a result of injected streptococci. Die jirolmlde 
conclusion is suggested that acute rheumatic fever and the type of intlammation 
associated 'O’ltli it are of streptococcic origin. 
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M'ith other rheumatic lesions; second, the clinical manifestations of rheumath 
heart disease and third the treatment of heart disease. 

The author describes the two chief ways in which acute rheumatism damages 
the heart and other organs, assuming that a streptococcus is the cause of the 
disease. In the first process there are the local interstitial lesions which tend 
to necrosis and fibrosis and in the second process there ■ are the toxic effects 
of the circulating poisons. The interstitial lesions produce results which clinical 
observation at the bedside corroborates: vahmlar lesions, pericarditis and local 
myocardial disturbances. The toxic effects of the infection though well rec- 
ognized at the bedside in the profound anemia and damage to the cardiac 
muscle and nervous system cannot jmt be correlated with any definite poison. 
The author regards chorea as a rheumatic mcningo encephalitis. 


Campbell, John S.: Stereoscopic Radiography of the Coronary Circulation. 

Lancet 215: 168, July 28, 1928. 

The author has devised a method of infusing human hearts for roentgen 
examination. A preparation of barium, Eontyum has been found to give the 
best results. This is injected in the vessels of the heart under a pressure 
of 280 mm. of mercury maintained for three minutes. After injection of both 
coronary arteries, the chambers of the heart are packed with wool and the 
organ immersed in 10 per cent formalin for twenty-four hours to secure fixation 
in the best position for stereoscopic examination. This simple method has been 
found to give satisfactory pictures. 

The skiagrams demonstrate very clearly the finer ramifications of the cardiac 
vessels while small variations in their caliber can be readily noted. The varia- 
tions in the distribution of the coronary vessels noted by Gross have been 
confirmed but their occurrence has been greater in this present series of 92 hearts 
examined by the author. 

The alteration in the relative vascularity of the ventricles which comes with 
advancing age and results in a decrease of the blood supply to the right heart 
through an increase in the development of anastomotic branches was also verified. 
Diminishing vascularity of the heart similar to that found in senility was found 
to accompany coronary disease. 

Eemoval of portions of the ventricular walls made possible a stereoscopic 
study of the septal circulation and the supply of the neuromuscular tissues. 


Whitten, Merritt B.: A Review of the Technical Methods of Demonstrating the 
Circulation of the Heart. A Modification of the Celluloid and Corrosion 
Technic. Arch. Int. hied. 42: 846, 1928. 

The author review's the literature pertaining to methods used in preparing 
casts of the interior of the heart and of the coronary circulation. He also 
described his own technic for preparing specimens using celluloid as the ma- 
terial for forming a cast and the corrosion method for destroying the heart 
tissues. The left coronary arteries in the completed specimen are injected m 
red, the right coronary arteries in blue and the coronary veins in white. The 
w'all of the heart is destroyed and the background of the vessels is the white 
cast of the chambers of the heart, depicting the internal surface of the heart 

area. 


Dumas, A.; Hypertensive Form of Mitral Endocarditis. Presse Med. Sept, lo, 
1928. 

The author finds that 9 out of 40 cases of chronic endocarditis which were 
confirmed by autopsy were accompanied by hypertension, f ® f ..Vo 
association is commonest in subjects over 50. The mode of death in 6 of 
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r„S St.c%.raiae l.«>c, trophy t,o. ptosept and .Ibontiooria wa, only 

Z^'eZlgTTL mitral disease is doubtful. In two cases, acute 
rheuLism hid been noted in the history and in one instance syphilitic aorti 

physical signs of the heart are generally those of mitral insufficiency 

although autopsy shows definite stenosis. „ 

In some cases a presystolic murmur was heard and was confused -svith t ic 
gallop rhythm of a hypertensive heart. In some subjects the lesion is silen . 

The author considers the mitral endocarditis as responsible for the develop- 
ment of the mitral stenosis. 

Herrick, James B.: Treatment of Heart Disease. J. A. M. A. 91: 1761, 1928. 

In this address the author apologizes for a very simple, old-fashioned paper. 
He points out that plain truths have to be repeated or presented in forms to 
fit the passing moment. He discusses the all-important subject of rest and 
digitalis, pointing out the difficulties in determining in each individual patient 
just what degree and hind of rest and medication are necessary. He believes 
there is no hard and fast rule for these two phases of treatment. 


Hephurn, J., and Graham, Duncan: An Electrocardiographic Study on 123 Cases 
of Diabetes Mellitus: Am. J. M. Sc. 176: 782, 1928. 

It has been shown that in a series of 123 diabetic patients 56 showed serious 
electroeardiographie abnormalities at the beginning of the diabetic treatment and 
that in a very fair percentage the electrocardiogram returned to normal after 
the diabetic condition was controlled by treatment. It would appear from these 
observations that in the cases in which the electrocardiograms returned to nor- 
mal after the diabetic condition had been controlled, that the abnormal electro- 
cardiograms had resulted from the effect on the myocardium of the perverted 
nietabohsm present in diabetes mellitus. The authors discuss whether these 
changes might be due to a direct action on the myocardium or an indirect 
one resulting from disease of the coronary artery. None of the few cases of 

“ abnormal electrocardiogram and many severe 
that dhLtT ^^’^Slycemia had normal electrocardiograms. They conclude 
»PP«enHr does Ml prodM« ,„y direct effect on the o,y„. 
a. etao^al oleetreeardiojram. The change, in the oieetro- 

raffor .; It Patient, 

direet etet ‘p *»"■ the in- 

Mect produced on the myoeardiun, from disease of the coronary artery. 

"SLVr (»ro.h„angUt„ 

to ttevXdrrttVexlrM^^^^^ “ probably not Ibuiled 

teperted in three eaL “ .Cltrin If. « ^ >>«•» 

«s not present in the coronary arteij.^ "" ”* thromboangiitis obliterans 
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Bromto, I. D., and Simon, Saling: OTjservations on Some Cardiac Lesions Cn 
incident With Pulmonary Tuberculosis. Am. Eev. Tuberc. 18: 727, 1928 


The incidence of valvular heart disease in pulmonary tuberculosis recognizable 
clinically is only about 6 per cent in the experience of the authors. Dyspnea 
out of proportion to the pulmonary involvement especially -when there are no 
constitutional symptoms should arouse the suspicion of an existing cardiac 
affection. 


Artificial pneumothorax vhen indicated in such cases should he administered 
with great caution. The earliest manifestation of cardiac disturbance is an 
indication for discontinuing the pulmonary compression. 

Complete bed rest must be rigidly enforced for a longer period of time than 
in cases not complicated by heart disease. 

The electrocardiogram is often of value in determining the cause of obscure 
cardiac sjTuptoms. The authors found an instance of bundle-branch hlock in 
a patient without symptoms indicating such a disturbance of mechanism. 


Starr, Isaac Jr,, and Gamble, C. J.: An Improved Method of Determination of 

Cardiac Output in Man by Means of Ethyl Iodide, Am, J. Physiol. 87: No. 2 

450, 1928. 

The authors have modified the ethyl iodide method of Henderson and Haggard 
for the estimation of the cardiac output. In their earlier papers they shmved 
that the coefficient of distribution of ethyl iodide between air and blood as 
originally expressed by Henderson and Haggard could not be confirmed, neither 
was the ethyl iodide destroyed in one round of the circulation as was originally 
thought. 

By continuing a modification of this method with the Pick principle, the 
authors have obtained reliable results in men. 

Several technical points stressed by the authors include: 

1. The estimation of the ethyl iodide in air by the precipitation of silver 
iodide in the distillation of the blood previous to determination. The authors 
use capryl alcohol to reduce the pressure. 

2. The amount of blood used has been raised to 60 c.c., thus permitting a re- 
duction in the concentration of the ethyl iodide used. 

3. The distribution coefficients of the blood previously reported by the authors 
to average 7.6 is, they believe, lower as with bigger samples it averaged 6.1, 
The presence of fever or of anemia lowered this figure and the figure for dogs 
is higher, averaging 10.7. 

The authors demonstrated in dogs and in human subjects that the arterial 
ethyl iodide may be estimated from that of the alveolar air and that the 
ethyl iodide content of mixed venous blood may he estimated from the re- 
breathed air. 

They were able to get consistent fugures for blood flow in dogs by the ethyl 
iodide method when the lungs were perfused at a known rate. 

A description of various manifestations of the apparatus is given with con- 
secutive determination on two subjects. The method requiring no active co 
operation from the subjects employed. 

Eppiuger, H., Lazio, D., and Schurmeiyer, A.; On the Probable Causes of Waste 

of Energy in the Organism with Heart Pailure. Klin. Wchnsehr. Jahrg. /, 

Ko. 48, 2231, 1928. 

The authors have correlated the problems of hemodynamics with those of 
metabolism. Patients with cardiac decompensation nse more oxygen in reJa ion 
to their size than normal individuals and it is found that after exercise an 
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excess of lactic acid is present "^^convwsion into filycogen. 

muscle Jtixety due to‘a deficient supply of oxygen is skown 

That tins is evidently not entirely „<.«Prnllv normal in amount. It is 

by the fact that the j^^teria oxygen J doscrilicd by Bppingcr 

suggested ttot ftc ultored distribdtion of tUo Wood 

r.:er5ei" 

s“o ^.*0. .ocH aoa ^.0 . b. . 
pressure occurred and the fatigue curve of the muscle corresponded to this, 
the blood pressure rose the fatigue picture disappeared. . „ 

To show the effect of local change in circulation the authors ligated the 
femoral artery and vein ton minutes. Only minor changes in the muscle wore 
observed while ligation of the aorta lead to changes resembling those of shoch. 

Ligation of the vena cordis did not produce any marhed change. Bleeding 

and suffocation produced rapid fatigue, but no change unless the oxygen was 


reduced below 8 to 10 per cent- 

The lactic acid of muscle and blood under the nbovc-mentioned conditions 
was studied and it was found tliat during histamine and peptone shock and 
after ligation of the aorta that the lactic acid was increased in the miiscle. 
Decrease of oxygen in the air did not alter the lactic acid as long as the 
minute volume could be increased. 

The authors consider that the failure of resynthesis of lactic acid into gly- 
cogen as due to circulatory insufficiency with oxygen lack in the muscle. 

In narcotized dogs studied from the standpoint of shock and ligation of the 
aorta with and without wmrk there was an increase in the oxygen consumption 
due to a diminished resynthesis of lactic acid into glycogen. 

To demonstrate the effect of shock on the blood supply to the muscles, the 
author observed a cat muscle under the microscope using Krogh’s technic. 
Histamine produced a stasis in arteries and veins and agglutination of the red 
blood corpuscles. The effect of muscular work on the minute volume in hista- 
mine shock was also observed and a decrease noted. The volume of circulating 
blood was not estimated but it is assumed from previous observations that in 
decompensation considerable amounts of blood are deposited. 

Thus the authors believe that capillary damage leading to deposition of blood 
and diminution of the blood volume occurs in decomposition. This results in a 

diminished oxygen supply in the tissues, so that lactic acid is not reconverted 
into glycogen. 


Hinsberg, K.: On the Possibility of a Peripheral Treatment 
ren s with Heart Disease. Klin. Wchnschr. Jahrg. 7, T7o. 48, 2284, 1928. 

mentTf draw certain conclusions for the treat- 

They showTn ttr" as the usual drug therapy. 

Of L ml les lead^ ^ —go 

tHt part of the heart Saeptl^ ■liseased heart occurs mainly in 

heart placej nnSer a mechanical l.anaicap as a result of a 
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ksion. The theory of work hypertrophy has been almost universally accepted 
nn explaining this increase in size as a result of the increased actmty and 
work necessary to overload the mechanical defect. 

It has^ been pointed out by Albrecht that in human hearts the seat of myo- 
cardial disease, the stimulus to hypertrophy may be impaired nutrition resulting 
in work hypertrophy. The author has pointed out previously that dilatation 
of the heart muscle precedes hypertrophy in cardiac lesions and in several 
types of experimental lesions produced in dogs he has shown by roentgenologic 
methods that a period of increase in heart volume occurred immediately after 
the lesion was produced associated with macroscopic and microscopic evidence 
of stretching and injury to the muscle. This initial increase in volume dis- 
appeared after a few days and the heart returned to its normal volume or even 
below. Subsequent to this transitory period of stretching and dilatation, a 
second and more gradually developing increase in heart volume occurs which 
is due to increase in muscle mass or hypertrophy. This is completed as the 
result of a single lesion in approximately one hundred days. A second lesion, 
superimposed on the first causes a second period of transitory dilatation and 
the subsequent period of additional hypertrophy. 

As a result of these studies, the author proposes a new theory as to the 
cause of heart muscle hypertrophy. This theory in contrast with the theory 
of work hypertrophj’- may be designated as the theory of injury hypertrophy 
and he ascribes increase in muscle mass not to a physiological response to 
increased work but to a tissue response of some nature to actual injury. During 
the period of stretching the muscle libers are the seat of a process of hydropic 
degeneration, a typical injury and reaction to injury. 

In order to test this matter further temporary cardiac overload was produced 
in a series of dogs by massive transfusions. The estimated blood volume was 
increased from 75 to 100 per cent in a series of 11 animals. These have shown 
an initial dilatation comparable with in every way to that produced by aortic 
lesions, except that it lasts for a somewhat shorter period. During this period 
the ventricular muscle shows similar macroscopic evidence of stretching and 
injury. The heart volume then returns to near its normal or even below as 
also occurs after aortic lesions, and finally shows a second more gradually 
developing increase in volume due to hypertrophy of the muscle. A second 
massive transfusion leads to a repetition of the whole process, a second period 
of dilatation being succeeded by a second period of additional hypertroph)', 
comparable again to the production of a second experimental lesion superimposed 

on the first. , 

Estimating the heart size by the use of x-rays and certain other methods of 
physical examination, the author has studied 70 men and 40 women forming a 
group of university athletes. The author believes that in abscence of cardio- 
vascular disease that cardiac hypertrophy in man does not exist. 

He concludes from these experimental and clinical observations, that the 
most important factor leading to the cardiac hypertrophy that develops m 
organic cardiac or vascular disease is not increased work of the muscle per se 
but the muscle injury and the reaction to injury that results from abnorma 
stretching of the muscle in the initial period of overload as the lesion develops. 
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CARDIAC PAIN 

A COKSIDERATIOX OF ItS NosOLOOY AND ClIX1(-AL A.^SOCIATIOXH"" 

Robert L. Levy, M.D. 

New York, N. Y. 

pAIN m the region of the lieart is a common complaint. Of ilic la.st 
ye lundred patients wlio have come to the consulting room, 35 per 
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W]ien I first took notice of this distemper, and could find no satisfaction from 
books, I consulted an able physician of long experience, who told me that he had 
known several ill of it, and that all of them had died suddenly. This observation 
I have reason to think is generally true of such patients, having known six of those 
for whom I had been consulted, die in this manner. . . . But though the natural 
tendency of this illness be to kill the patients suddenly, yet unless it have a power 
of preserving a person from all other ails, it will easily be believed, that some of 
those, who are afflicted with it, may die in a different manner, since this disorder 
will last, as ,I have known it more than once, near twenty years, and most usually 
attacks only those who are above fifty' years of age 

‘"The os sterui is usually pointed to as the seat of this malady, but it seems 
sometimes as if it was under the lower part of it, and at otlier times under the 
middle or upper part, but always inclining more to the left side, and sometimes 
there is joined with it a pain about the middle of the left arm. What the particular 
mischief is, which is referred to these different parts of the sternum, it is not easy 
to guess, and I have had no opportunity of knowing with certainty'.” 

It was the astute Edward J enner tvho first threw light on the nature 
of this “mischief.” In 1776, John Hunter had his second heart at- 
tack, and was visited at Bath by his pupil, Jenner. To Heberdeu, 
Jenner then wrote a letter, giving his diagnosis of Hunter’s malady 
and suggesting, for the first time, the probable association of coronary 
arteiy disease and cardiac pain.- In a later letter, published by Parry 
in 1799,® Jenner gives a fuller account of his findings and states that 
he did not publish his views because he feared that they might be a 
source of worry to his friend. Hunter. This pathological description is 
also worth quoting. 

'‘The first case I ever saw of Angina Pectoris, was that in the year 1772, pub- 
lished by Dr. Heberdeu with Mr. Hunter ‘s dissection. There, I can almost positively 
say, the coronary arteries were not examined. Another case of a Mr. Carter, at 
Dursley, fell under my care. In that, after having examined the more important 
parts of the heart, without finding anything by means of wiiieh I could account 
either for his sudden death, or the symptoms preceding it, I was making a trans- 
verse section of the heart pretty' near its base, wiien my knife struck against some- 
thing so hard and gritty', as to notch it. I well remember looking up to the ceil- 
ing, w'hicli was old and crumbling, conceiving that some plaister had fallen down. 
But on a further scrutiny' the real cause appeared: the coronaries were become 
bony canals. Then I began a little to suspect. Soon afterwards, Mr. Paytherus 
met w'ith a case. Previously to our examination of the body, I offered lum a 
wager that W’e should find the coronary arteries ossified. This, however, proved to 
be not exactly true; but the coats of the arteries W'ere hard, and a sort of carti- 
laginous canal was formed within the cavity of each artery, and there attached, so 
how'ever as to be separable as easily as the finger from a tight glove. At this very 
time, my friend Mr. John Hunter began to have the symptoms of Angina Pectoris 
too strongly niai’ked upon him; and this circumstance prevented any publication o 
my ideas on the subject, as it must have brought on an unpleasant conference e- 
tween Mr. Hunter and me. I mentioned both to Mr. Cline and Mr. Hoin^ wy 
notions of the matter, .... but they did not seem to think much of them. 
however, Mr. Hunter died, Mr. Home very candidly w'rote to me, immediately a 
the dissection, to tell me I was right.” 
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Wheflier priority lor tl>c dcscriptim. oI tvl.at 

(imTor tot LeFi-eochmao. Eop^non (Fel,. 1768) is a 
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cept tvbicl. Heborden portrayocl was viewed by ‘''“y'’’'" { 

snaia'what manner controversial disensston 

to the development of present day tbongbt. n j < 

in the argument ivill be touebed iijion. 

Parry, in 1799," was among tlie first to sense the difficulty of adher- 
ing closely to tlie criteria laid down by Ilebcvden, and to point out tba , 
cases described by other observers as angina pectoris did not eonfonu 
to one pattern. He believed that the symptoms in one. reported case 
were due to hydropericardium, in another to aneurysm of the aorta 
and in a third to “suppuration between the two bags of the pleura, 
where they constitute the mediastinum.” In other instance.s, lie fpio.s- 
tioned the accuracy of tlie diagnosis, saying that the “cases of 
MacBride and Smith of Dublin, are evidently cases of palpitation oi 
the heart, such as every physician of extensive practice must have often 
seen”-, another, “was a more affection of the respiratory organs, a 
violent spasmodic asthma, . . . which never occiir.s in the pure 
Angina Pectoris.” Parry then proceeded to add to tin* confusion by 
concluding that “the Angina Pectoris is in reality a case of faint- 
ing. ... AH the circumstances in the Angina Pectoris preceding 
the actual Syncope are approaches towards it; and in evi'ry uncoin- 
bined and recent ease, like those whieli I have described, tlic jiatienl 
probably, dies with no other symptoms than those which shew an irre- 
coverable diminution of the motion of the heart.” I’arry’s monograph 
is entitled An Inquiry inio the Hympfoms and Causes of the Su 7 H'.npc 
Anqinosa, conunonly called Angina Pectoris. Tliis is tlie first sign of 
dissension from Heberden’s terminology. 

Hope^ in 1839, heads a chapter in his book Neuralgia of the Hearl, 
01 ngina Pectoris, in “presenting tbe train of symptoms wbicb have 
rtf Heberden angina 2 )ceforis.>' He points out 

m ifferent physicians liave found it connected with different 

supposed it to be occasioned bv 
and afte \ fi'equently found it co-exist. Dr. Parrv, 

nary arterieT ascribe it to ossification of the coro- 

to plethora - Dr' affections of the pericardium; Dr. Hosaek 
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seem to originate necessarily 



380 


THE AMERICAN HEART JOURNAL 


of the orpn affected.” Hope expressed the opinion that “it mav 
onpnate in any cause, whether organic or functional, capable of irri- 
fating the heart, or of rendering it morbidly susceptible of irritation- 
and as structural disease of the organ has this effect more than other 
cause, it is that on which the malady, in its severer forms, is most 
frequently dependent.” 

Latham,^ 1845, flatly refused to accept angina in the sense of Heber- 
den. Says he: “There is one eminent instance in which an assem- 
blage of sjunptoms is thus made to bear the name of a disease; angina 
pectoris.” There follows a description of the variety of pathological 
states found at necropsy in cases so diagnosticated during life; as well 
as the statement that “it has existed where no form of disease or dis- 
organization whatever has been found either in the heart or in the 
blood vessels nearest to it.” 

In the experience of the English observers, angina was a rare affec- 
tion. In contradistinction to the rarity of genuine angina pectoris, 
Walshe® in his textbook, says that he frequently met “with a form of 
complaint combining in a minor degree many of the characters of 
angina; and to this imitation of the true disease I propose to give the 
name of pseudo-angina.” Walshe found pseudo-angina as an attendant 
on various diseases.- gout, rheumatism, anemia, hysteria, spinal irrita- 
tion, epilepsy, intercostal and mammary neuralgia. The points of dif- 
ferential diagnosis between genuine and pseudo-angina are but briety 
mentioned. Yet this author is apparently the first to express the idea 
that cardiac pain may occur in many conditions in Avhicli the heart is 
not primarity the seat of the trouble. 

Like Hope, Laennec" classifies angina pectoris as a neuralgia of the 
heart. Though familiar with the necrospj’’ findings of the English 
authors and having found various diseased states of the heart and 
aorta in patients with this complaint, he was jiarticularly impressed by 
those cases showing no demonstrable lesions on post-mortem examina- 
tion. He was inclined to ascribe the painful sensations to an affection 
of the cardiac nerves, vagus or sympathetic, analogous to neuralgias 
elsewhere in the body. Other nerves, cervical and thoracic, he be- 
lieved, might likewise be involved, either “sympathetically oi 
through auastoniatie communications with those primarily^ concerned. 

In his monograph on Angina Pectoris and Allied States, Osier® reitei- 
ates Latham’s sentiments in saying: “Angina pectoris is not a dis 
ease, but a syndrome or symptom group (without etiological or ana- 
tomical foundation) associated with complex conditions, organic or 
functional, of the heart and aorta. Pain about the heart of an 
ing character, occurring in paroxysms, is the dominant feature of a 
varieties of the syndrome. Used to define paroxysmal attacks of pam 
in the chest — breast-pang — we employ the term generically, qualifying 
the varieties by such names as true, false, hysterical and vasomo or. 
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I! +Lo hfls not served to clarify the pictnic. 

ana aiscaae ane not apparent in 

^^Amrar^o'le who gave much scholarly thought to this subject Avas 
the late Sir T. Clifford ..AUffutt, as evidenced by his two volumes 
Diseases of ihe Arteries, including Angina Pectoris. Several ycnvs ago 
having published a short paper on cardiac pain,'' I ® ^ 

to Cambridge to Sir Clifford asking for his comment. On Octohei^ i, 
1924 not long before his death, he answered in a letter, expressing 
^Yhat were perhaps his last ideas on this subject. I am taking this 
opportunity to make them public. 

“The diffienlty of defining angina pectoris is great because it has so many 
simulations, and it is hard to exclude these; e.g., tobacco angina, neurotic, and 
(I think) a tiresome wedge of wind in the lower esophagus which oppresses certiun 
persons painfully on walking— tliough they can climb hills and stairs, etc., without 
any_or any more distress and it does not stop the patient; he can go on, although 
oppressed. This is commoner in women? I was far from opposing your point of 
view, one I have urged myself in many contexts. I would have .such words as 
‘asthma’ kept strictly to their own (or one) meaning (not ‘cardiac’ asthma, etc.). 
So I think angma pectoris should he pinned down to suhstenial (or ejiigastric) 
pain, (very rarely in the ‘preeordial’ area) ax)t to shoot in certain definite direc- 
tions, and having nearly always a sinister touch about it. It stops a man to vague 
apprehension. This of course is no ‘definition’; but what disease can yon define? 
It can only be a description; longer or shorter. You cannot define even a cat. And 
please do not put 'morbid entity’ upon me; it is one of (he last remnants of 
medical ontology — a relic of tenninology. But an angina pectoris due to syphilitic 
aortitis onli; there is, and frequently. Compai'atively young jicrsons don’t die of 
angina — indeed directly no one does: he dies of heart shock — vagus- or ventricular 
fibrillation due to the afferent pain. The young, sound heart does not die of it, 
horribly as the patient may suffer. We all agree about the spinal segments con- 
cerned and referred pains from the pathologic scat of the pain. Not Mackenzie 
only but also Head and others have worked these out long ago. Mackenzie contends 
the pain originates in the cardiac muscle; but no afferent nerve enters muscle — (he 
heart when touched or pricked is insensitive. The pain arises in the investments 
vnch are full of sensory end-organs— tlie pain is due to a drag upon these— 
pencar jal rarely, aortic in the large majority. Pain in skeletal muscles arises in 
e investments and fibrous seaffold-the heart muscle has no such fibrous strands, 
ueriaortio r ^ attribute all eases of angina pectoris to the 

concerned oX^'itl T ti pericardial. Coronary artery disease is 

'Hypertension^ flne pectoris; not with the seat of its origin, 

times does arouse it angma pectoris if the aorta is sound; it somc- 

boBis may Throm- 

itivestment to sudden strain” ^ embohe, because it puts the arterial 

‘^^eptinsofarasTou n. I "" ’ 'cardiac’ pain 

'vigina pectoris at all- thev'^ ^ ™ some few cases its outer coat. Neuroses arc not 
mammary ache of neuralgias. The common suh- 

the clinical distinct^ '''' ’^enorrhagias, etc., is not angina pectoris. I 

Wi get as much ‘ieJnition’ *» «>' ™»1 tiling 

aramtion as in biology we ever can,” 
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Oil a small slip of paper, enclosed in the envelope -with the bodj' of 
the letter, was the following: “Angina pectoris is a pain, sometimes 
slight, sometimes agonizing, arising nsualty under the sternum and 
referred in certain definite directions, due to stretching of the outer 
coat of a morbid aorta;, or in a few cases of that of the heart itself. 
This is my first hasty suggestion for your ‘definition.’ ’’ 

THE MECHANISM OP HEART PAIN 

How a painful sensation is produced in the heart is not clear. The 
myocardium is insensitive to stimuli which are ordinarily productive 
of discomfort in the periphei’y of the body. Afferent nerve endings 
have been found iA the outer coat of the blood vessels and in the peri- 
cardium. Recent ingenious experiments on dogs^" have demonstrated 
that compression of the eoronaiy vessels and immediately adjacent 
tissue alwa3^s causes evidences of pain and sometimes produces saliva- 
tion, vomiting, and changes in the electrocardiogram. 

Some sixty-three hj'^potheses concerning the cause of the symptoms 
in angina pectoris were collected and tabulated by Huehard.“ Three 
theories of pain production in the heart seem worthy of- consideration. 
Allbutt^- regarded pain in the region of the heart as due to a lesion 
in the supracardiac aorta, which he termed the “anginiferous area.” 
The lesion, in his opinion, causes “angina” when it penetrates to the 
outer fibrous investment of the vessel, tension being the factor causing 
irritation of the nerve terminals. By Mackenzie,^® the importance of 
exhaustion of the mjmcardium was stressed. His hj’^pothesis .was 
summed up in stating that, “while "we can reason that pain is the 
result of exhaustion when the blood supply to the muscle is deficient, 
we can also conclude that pain results when exhaustion is produced 
from any other cause, such as great exertion by’’ a healthy’’ heart, or by 
relatively slight exertion ■\\diere the muscle is diseased.” It w’as Allan 
Burns,“ as Osier has pointed out, who, over a century ago, ascribed 
the symptoms to anemia of the heart muscle. “Such a state of the 
arteries of the heart,” says he, referring to atheroma, “must impair 
the function of that organ.” In a careful review of the evidence, 
Keefer and EesnilO’’ recently have reached the same conclusion ; ‘ the 
angina pectoris of Heberden has but one cause, anoxemia of the myo- 
cardium.” This point of view, though at present lacking proof, sug- 
gests cogent arguments in its fav’or. It does not explain all case' 
Perhaps more than one mechanism may be concerned in varying cn- 
■cumstances. 

THE CLINICAL ASSOCIATIONS OF CARDIAC PAIN 

It is evident from the fragmentary account which has been given of 
the development of thought concerning Heberden ’s angina, that con- 
fusion exists concerning its precise definition. Is every case of parox- 
ysmal breast pain to be so diagnosticated? If not, wdiat are tlie ci - 
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teria for this condition? If one of these criteria be sudden deatli, is it 
only after the patient’s demise that the diagnosis may be made with 
certainty? For many years, a variable pathological basis has been 
recognized. The diseiission as to the distinctions between “symptom 
group” or syndrome, and disease has been carried on to no practical 
purpose. A descriptive term meaning literally, “strangling in the 
chest,” has been perpetuated in spite of protest and acknowledged 
dissatisfaction. A serious nosologic consideration of the matter is not 
merely “factitious hair splitting,” as Sir Clifford Allbutt would have 
us believe. Looseness in classification makes for careless thinking ; and 

careless thinking leads to inaccuracies in all forms of scientific proce- 
dure.^® 


riie pam may vary in its severity, its distribution, and in its relation 
to exertion. The degree of effort necessary to induce it depends, in a 
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train of events which we then call a disease. In this concept of disease 
is implied disorder of both function and structure. 

In view of these considerations, and until further linowledge may 
make a more precise terminology feasible, it is suggested that the use 
of the term “angina pectoris” be discontinued. In its place, “cardiac 
pain” may be employed, in each instance qualified by’^ notation of the 
structural or functional changes with which such pain is found to be 
associated. A classification formulated on this basis is not, strictly 
speaking, etiological. But it is workable and encourages more precise 
diagnosis. Inevitably, better therapy aiid more accurate prognosis 
must follow. Such a classification is the following: 

CuNiCM. Conditions in Which Caudiac Pain May Be Encountered 

I. AfCeefions of the Coronary Arteries. 

1, Stenosis. 

a. Arteriosclerotic. 
h. Syphilitic. 

2. Occlusion. 

a. Arteriosclerotic. 
h. Syphilitic. 

c. Tlirombotic. 

d. Embolic (rare). 

11. Affections of the Aorta. 

1. Aortitis (with or witliout Dilatation). 

a. Syphilitic. 

b. Rheumatic. 

2. Arteriosclerosis (with or without Dilatation). 

3. Aneui'.vsm. 

a. Syphilitic. 

b. Arteriosclerotic. 

4. Rupture. 

III. Cardiac Valvular Disease. 

1. Aortic Insufficiency. 

2. Mitral Stenosis. 

3. Congenital Heart Disease. 

IV. Pericarditis. 

1. Serofibrinous. 

2. Serous. 

3. Adhesive. 

V. Poisoning of the Heart by: 

1. Tobacco. 

2. Coffee. 

3. Tea (uncommon) 

VI. Disorders of the Hematopoietic System. 

1. Anemia (Primary or Secondary). 

2. Erythremia. 
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VII. Endocrine Disorders. 

1. Tliyrotoxicosis. 

2. Myxedema. • 

3. Addison’s Disease. 

YIII. Cardiac Neurosis (Effort Syndrome). 
IX. Patliogenesis Undetermined. 


findings in one nnnsnal ease are here given : 

electrician, entered tlie Presbyterian IIos- 


The history and necropsy 

pw r DeStoTw”, S' thc^toU. time. ' I,. IMS again « Sc 

tmW in tie ward lor Mneaea. He never lad any eynptonm of lic.ait d.a 
ease His only previous illnesses were typhoid at the age 

Inia at the ;ge of twenty-six. There was no history of syphihs and the M’asser- 
nmu reaction was negative. In January, 1921. he was admitted with a (Hagnos.s 
of lobar pneumonia involving the left lower lobe. This was confirmed by x-ray 
examination. On the second day in hospital, he was suddenly seized with ex- 
cruciating pain in the precordial area, radiating to both arms. His face uas 
ashen, his lips cyanotic, but there was no dyspnea. The hearty sounds became 
inamlible for a few moments; the blood pressure, twenty-five iniiiutes after the 
attack, was 70 mm. systolic; 50 mm. diastolic, itorphiuc and cardiac stiinnla- 
tioii brought about comfort and recovery. That evening, a similar, though less 
severe, attack occurred, relieved by amyl nitrite. An electrocardiogram shoued 
no deviation from the normal. The leucocytes rose from 15,000 to 22,000. A di- 
agnosis of coronary thrombosis was made, althougli previous examination of the 
heart and arteries was quite negative. He complained of mild substeriial jiaiii on 
two subsequent occasions and went home on the twelfth day after admission. 

Following these episodes the history during the next eleven months was one 
of progressive cardiac disability. Nocturnal dyspnea appeared and was accom- 
panied by a sense of substeriial oppression. Severe attacks of procordial pain 
were induced on slight effort, making work, even of a light nature, impossible. 
On six occasions, because of the paroxysms of pain, he was brought to the hospital, 
sometimes in an ambulance. Many eleetrocardiograins were taken, some of them 
showing changes in the T-waves in Leads I and II which were interpreted as in- 
dicating active disturbances in the myocardium. Teleroentgenograms showed no 
cardiac enlargement. There were no signs of valvular disease. As the iininber 
of observations increased, the opinion was expressed that coronary disoa.se, with 
nartowing of the Imnen of the vessels, was tlie pathological lesion responsible 
for the symptoms. The blood pressure was usually about 124/80 between at- 
tacks. Blood counts Avere normal. 

The man iras ambitions and eager to work for his wife and six children. The 
a ac s of pain were described as “crushing,” “pressing” and “vise-like,” pre- 
corua or substeriial and usually radiating down both arms. Nitrites always af- 
(Vrv!' ^™es, nausea and vomiting followed a paroxysm. 

undertaken on December 26, 1924, by Dr. W. G. Penfield 
pulse ratc'was f \ I'andling of the vagus, but no change in 

on the left side w/ ^ tiese times. The middle and inferior sympathetic ganglia 

Hie superior cervix i sympathetic chain was severed just below 

closed iu place. The wound was 
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All incision lyas made on the right side preparatory to operating on the rieht 
sympathetic cham. Suddenly, the heart rate increased and the pulse became ivealc 
Eespirations came at longer intervals and were gasping. Adrenalin was injected 
into the heart, but in spite of artificial respiration -ufitli a pulmotor, circulation 
and respiration ceased abruptly. In the opinion of the operator, death appeared 
to be due to sudden cardiac failure. 

Necropsy was performed by Dr. Paige, two and a half hours after death, and 
was limited to the thorax. The heart weighed 340 grams. Except for a few 
small sclerotic plaques in both coronary arteries, often seen in persons of this 
age, the findings were negative. There was no narrowing of the lumen of the 
vessels. In the arch of the aorta were sunilar tiny yellow plaques, the largest 
only 1 or 2 mm. in diameter. Microscopic examination of the tissues was made 
by Dr. A. M. Pappenlieimer. The heart muscle was normal. At one place, the 
iiitima of a section of the coronary artery was very slightly thickened. The in- 
tinia of the aorta showed a small area of necrosis. The media, in its outer third, 
contained one small area of scarring with a few infiltrating leucocytes. There 
ivas no rupture of the elastic fibers. Microscopic examination of the sympatlietic 
ganglia removed at operation was negative. Dr. Pappenlieimer ’s final note states 
that, “the autopsy discloses no anatomical basis for the anginal attacks.” 

PROGNOSIS 

In no group of eases is the estimation of life expectancy more diffi- 
ciilt. The patients with coronary disease may die in their first attack, 
as did Thomas Arnold, the schoolmaster of Rugby, or like John 
Hunter, may survive for twenty years, “his life in the hands of any 
rascal who chose to annoy or tease him.” Experience has stressed 
two points : first, extensive sclerosis of the coronary vessels may exist 
without cardiac enlargement or significant changes in the electrocar- 
diogram ; second, it is precisely in those patients in whom relatively 
little is to be made out in the heart on physical examination, that early, 
sudden, and unexpected death not infrequently occurs. This fact was 
well exemplified in the case of a man, sixty -five years of age, with par- 
oxysms of pain on slight effort, localized to the midsternal region, of 
three months’ duration. There Avas moderate retinal and periph- 
eral sclerosis. The blood pressure Avas 126 mm. Hg. systolic; 74 dias- 
tolic. The heart Avas not enlarged and there Avas a short systolic Avliiff 
at the apex. An electrocardiogram shoAved inversion of the T-Avaves m 
Leads I and II. The clinical diagnosis Avas sclerosis of the coronary 
arteries. During the year folIoAAdng his first Ausit, he improved mark- 
edly, and Avas able to Avalk four or five blocks AAnth only an occasiona 
precordial tAA'inge. He took an ocean voyage to the Barbadoes and on 
the steamer Avas entirely free from pain. On his return he Avent up the 
subAvay stairs Avithout discomfort. The T-Avave in Lead II became up- 
right in the graphic records. Three Ave.eks after an office examination, 
I Avas called hurriedly to the Pennsylvania Railroad Terminal. He was 
going on a holiday to Atlantic City Avith his wife and while staiidmg 
at the ticket AvindoAV, purchasing his accommodations, fell over eac. 
Necropsy Avas not performed. 
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On the other hand, there is a group of patients with enlarged lieart 
and electrocardiographic signs of serious myocardial damage, who 
survive their cardiac disability to die of another cause. For example, 
a man sixty years of age likewise suffered from attacks of pain induced 
by effort. The heart was markedly enlarged; there was no hj^perten- 
sion. The retinal and peripheral aideries Avere distinctly sclerosed. A 
large series of electrocardiograms shoAved persistent intraventricular 


block, with varying T-Avave changes and occasional Amntricular prema- 
tuie beats. He took several trips to Eurojie and continued his business 
as a stock broker, though never free from discomfort, talciin^ nitro- 
glycerin several times each day. Six years after the onset" of his 
symptoms, he had a cerebral hemorrhage in bed during the night and 
died within tAventy-four hours Avithout regaining consciousne.ss. 
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over a period of years, will afford a basis for judgment as to its value 
It is my present opinion that this operation will prove to have a very 
limited field of usefulness. 

The paiavertebral injection of alcohol into the posterior nerve roots 
has recently been advocated.-^ It is an uncertain procedure, unaided 
by visual guidance, and not without hazard. Richardson and Wliite," 
on the basis of a limited experience, have expressed the belief that 
aleoliol injection is superior to sympathectomy. The relief afforded in 
some instances may well be due to blocking of cutaneous impulses, 
analogous to the results of skin infiltration with novoeaine in the areas 
of cutaneous hj^peralgesia, as practiced by Weiss and Davis.==* Such 
cutaneous injections give prompt but only temporary relief in certain 
cases. 

SUMMARY 

The “disorder of the breast” described by Heberden, in the light of 
increasing experience, has proved to be the symptomatic manifestation 
of many pathological states. Perpetuation of the name originally 
given to the condition, and the concept of angina as a clinical entity, 
.has resulted in confusion and disagreement as to its precise meaning. 
It is, therefore, suggested that the term “angina pectoris” be aban- 
doned. Correlation of clinical and pathological data has demonstrated 
that cardiac pain may be associated with a variety of structural and 
functional changes. Pain resulting from disturbances in the region of 
the heart is best described as cardiac pain. In making a complete car- 
diac diagnosis, this should be qualified by a statement as to the prob- 
able structural and functional changes Avith Avhich the pain is associ- 
ated. Fui’ther knoAvledge concerning the mechanism of pain produc- 
tion may point the Avay to a more precise terminology. The conception 
of pain as a symptom Avill make for better diagnosis, for rational ther- 
apy, and for more accurate prognosis. 
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PAIN DUB TO TBMPOIIARY OCCLUSION OP THE CORONARY 

ARTERIES IN DOGS* 

J. Prank Pkarcy, M.D., New Y'ork City, Walter S. Priest, M.D., and 
C. M. Van Allen, M.D., Chicago, III. 

13 ORTER^ stated that ligation of the coronary arteries hi tlie dog 
did not pi oduee pain. Smith also failed to observe pain in similar 
preparations. We do not belieA’^e, as do these investigators, that these 
observations offer convincing evidence against the coronary theoiy 
of pain. The occlusion was produced under anesthesia. Poliowing 
severe thoracic surgery, an animal is depressed for hours and shows 
little evidence of pain that he maj'' be suft’ering. Moreover, the pain 
of coronaiy occlusion may be transient. Until sudden occlusion of 
the coronary arteries has been produced in the conscious dog, one 
cannot conclude that the process is without pain. 

Two years ago ive began to study the effects of sudden coronaiy 
occlusion in conscious dogs. Observations made upon the pain re- 
sponse are herewith presented. 

METHODS 

The operation ivas performed under ether anesthesia by intra- 
tracheal insufflation (Meltzer®) and no other medication. The chest 
was opened by a transverse incision in the third or fourth intercostal 
space, carried from one side of the chest to the other, dividing the 
sternum. A rib spreader was inserted and a splendid exposure ob- 
tained. The pericardium was opened freely and the coronary arteries 
were exposed by dissection at the base of the heart. A thread of 
vaselined heavy linen wms passed under each coronary artery withm 
a centimeter of its exit from the aorta. In experiments where only 
the branches of the left coronary arteiy -were to be studied, separate 
threads ■were passed under the vessels immediately after the bifurca- 
tion. The threads were attached to special devices for occluding the 
vessels and the chest was closed securely, after taking care to avoid 
partial pneumothorax. The devices for vessel occlusion were of two 
types. In some experiments the coronary traction threads were fast- 
ened to the end of a specially prepared camera shutter release, wdiich 
protruded from the chest at the wound and was arranged in such a 
manner that by pressing the release, a short bar, through winch the 
thread had been led, pressed firmly upon the artery. This method 
prevented interference with the heart itself, as Avould occur with 
direct pull upon the coronary vessel. A second method wms that of 

‘From the Cardfpgraphic Laboratories of Michael Reese Hospital and the Depart- 
ment of Surg’ery of the University of Chicago. 
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attaching the traction threads to a suitable wire wliicli was introclucccl 
into the thoracic cavity from a stab incision in the base of tlic neck. 
Traction upon the wire exerted traction upon and occlusion of llie 
coronary vessels with minimal disturbance to the heart bocnnsc of 
the axial direction of the pull. By either method tlie aricries could 
be occluded or released at will. In our earlier experiments we ad- 
hered diligently to asepsis but later abandoned it as unneee.ssarv, 
since the animals were in good condition for experimentation witliin 
a few hours after operation. Three to four hours after the ojieration 
pain responses were studied. In some animals the pain rospousc was 
so marked as to interfere with the electrocardiographic curves and 
morphine was given for this part of the experiment 
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depended upon. Of t„c remaiuder t„c foL,„ ,;;.L 

anterior cotonat)4rterJ°tanc'tel/talowV 

release. Three hours later the auiml Jns ftlh T ” 

G. leads attached. Vessel vL suddo Iv Thctly with K. ]v. 

struggled. The vessel was released aid Lrf ^""’mdiatcly howled „„d 

obtauied the same results. Morphine phosmnTe*"'^ 

injection. Fifteen minutes later^coronfrv Ltor ’ ^'.'Todormic 

ugorousijr foreleg and pVtiT”' 

’'ith cessation of pain response. I?enetitin„ ^ ngniti 

i'romcoh-.Moiigrel do/of v 

bnt more violent S'nmit.aneoiisly produced flio ’ ropetilion.s. 

fibrillation Wan ti minutes of occlusion of '*>''''Ptoi)i.s 

“a®. espe2ir;™“‘' a I’diuTere Si 

~ X:: sv- 

later. of all animals , . 

" ^^ere taken and will ho > 

be reported 



392 


THE AIMERICAN HEART JOURNAL 


SUMMARY AND CONCLUSIONS 


It is pointed out that previous investigators have failed to get pain 
response in dogs following coronary occlusion, possibly because the 
animals had adjusted tliemselves to the altered caz’diae condition by 
the time they recovered sufficiently from the anesthetic and surgical 
insult. 

The detection of pain in these experiments was made possible by 
avoidance of anesthesia at the time of coroziaiy occlusion. Acute 
severe pain was izz-oduced in forty out of fifty dogs bj’ sudden oc- 
clusion of either eoronaiy arteiy or of either or both branches of the 
left coronary’- artery, the pain beginning almost instantly after oc- 
clusion, lasting throughout occlusion, and ceasing immediately vitb 
release of the occlusion. When both coronary arteries were occluded 
simultaneously, similar responses I'esulted except that in a feir cases 
ventricular fibrillation and death resulted. The ten dogs that gave 
less clear-cut results were not sufficiently alert to respond properly. 

The responses are due to real pain and not to cardiocireulatory 
failure and asphyxia. 
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Harold J. Stewart, jM.E 
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T: 


'HE nature and origin of cardiac pam are 

„ snbieet. made by Hcberden’ in 3<(>8, omplm- 

alled “angina 


1 eontribntion on this subject, made by ixuuciuc. ... 
uzed, in describing the symptom complex ‘ 

oectoris,” as the outstanding phenomenon a painlnl and n 
..veeable sensation in the breast” which ail’ccls persons while n allv- 
and more particularly when they walk soon aflei cal 


in a letter to Heberden regarding .]ohn Hunter- and in anotner lo 
Parry, ^ first suggested the association of angina pectoris with disease 
of the coronary arteries. He came upon tliis notion Irom post-mortem 
examinations of the hearts of persons who liad been subject to such 
attacks. By 1799, Parry,'' although he discussed the relation oi anginal 
attacks to exertion, did not think that exertion was a necessary part 
of the .symptom complex and did not include it in the formulation of 
his definition of angina pectoris. Nor is mention made one liinulred 
years later of exertion in the “definition” of angina pectoris in 
Romberg’s,^ StriimpeH’s'' or O.sler’s" textbooks. Allbntt' lias this to 
say: That the moments of the several seizures are often determined 

by effort, even by effort of mind or emotion, we know only loo well ; 
so well indeed that there is a notion abroad — one which more lhan 
once has been mentioned to me in di.seu.ssing a diagnosis — that af tacks 
are always so determined, Huchai'd connteiiaiiced this erroneous no- 
tion. Yet from Heberden himself we have learned that attacks ninv 
occur during sleep, often during rest.” 

In the course of the century a change in the meaning of the term 
ongmally proposed by Heberden has obviously tnlceii place. In at- 
tempting to understand the history of ideas such as this, it would be 

“T "T f " 

semeliecl the literature to trace the seciiienee 
cal feXL’ 
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IS the etiological factor. In spite of the accumulation of a vast litera- 
ture on this subject since then, the pathogenesis is still far from 
clear. The minimum signs and symptoms upon -which one may venture 
to make a diagnosis of coronary occlusion and to give and to estimate 
the state of the coronary vessels and of the heart: muscle are not 
known. Nor is it clear how much stress to place upon cardiac pain 
alone in deciding whether a coronary accident has occurred or whether 
pain is caused by a more transient process, such as spasm. It is in 
order to contribute to this phase of the matter that the case of this 
patient is published. For this purpose his clinical course \vas suffi- 
ciently well observed and the pathological examinations at autopsy 
Avere sufficiently Avell made. 


CASE REPORT 

H. R., Hospital No. 4734, was a male, sixty-seven 3’ears old. He was admitted 
to the Rockefeller Hospital on April 4, 1923, liaving complained of shortness of 
breath for from eight to twelve months, swelling of the legs for eight months, ten- 
derness in the region of the liver for from eight to twelve months and cough for 
one week. 

The family history was negative. 

Past History . — There was no history of acute rheumatic fever, syphilis, or any 
other diseases having cardiac sequelae. He had enjoyed excellent healtli until tlm 
onset of the present illness. 

Cardiac History . — ^In Aug-ust, 1919, the patient was awakened at night with 
severe pain over the chest in front. He was so ill that he was unable to remember 
the character of the pain. He was too ill to be moved at once, but was taken to a 
hospital the following day. The pain continued for twenty-four hours. After four 
or five days 1000 c.c. of fluid were removed from the right pleural cavity by para- 
centesis. Following this treatment he improved and -u'as discharged in two weeks. 
He felt weak and was unable to do what he wished. A year before admission to 
the Rockefeller Hospital he became short of breath on walking. Dyspnea gradually 
increased until he w’as forced to discontinue climbing stairs. Eight months before 
admission edema of the feet and legs first appeared. Shortly afterward tenderness 
in the right upper quadrant of the abdomen developed. Tw'o months later he began 
to sleep on three pillow's. Gradually all his symptoms, that is to say, dyspnea, 
edema, and tenderness of the liver, increased. From the onset of cardiac symptoms 
he received digitalis irregularly. The drug had not been given for several months. 

Physical Examination . — The patient was an undernourished wliite man who lay 
propped up in bed and was orthopneic. Dyspnea w'as very marked when he attempted 
to lie flat. There was slight cyanosis of the lips. The temperature (rectal) was 
100.7° F., and respirations 30 per minute. A tracheal tug was not felt. The heait 
was enlarged. The rhythm w'as regular, the rate 96 per minute. There w'ere no 
thrills and no shocks over the preeordium. The sounds over the base were clear. At 
the apex a soft blow'ing systolic murmur replaced the first sound. The murmur was 
not transmitted to the axilla. The radial vessels w'ere thickened but w'ere not tor- 
tuous. The systolic blood pressure was 130 mm. mercui-y and the diastolic, 85 mm. 
There was no capillary pulsation in the finger tips. Clubbing of the lingers was 
not present. There were signs of fluid in both pleural cavities. The liver was ten 
der and was felt to within one finger’s breadth of the umbilicus. There w'as pitting 
edema of the feet, ankles, and legs as far as the knees. 




elertrocardioKrlm^’ electrocardiogram are reproduced. The 
tlip downward read Leads I, II, and III ’niviciono r>r 

The s^ign'al at ^the^hntfp ''^olts. Divisions of the abscissae equal .0.04 of a second 
are refucpO record indicates seconds. The electrocardiosrams 

tro\I?^roT;U°S;^oM Photograprof an^ eTc! 

^hibited before thi occurrence electrocardiogram is typical of the form 

Fiff. 1 ?) it! occurrence oi the attack of cardiac pain on April in V 

atter^?hl attS Ih electrocardiogram taken on Aprh ir iti several ho, 
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The electrocardiogram showed a normal sinus rhythm. The conduction time wa. 
normal and there was left ventricular preponderance. 

The count of the red blood cells was 5,000,000. The hemoglobin (Sahli) was 97 
per cent. The count of the white blood cells was 11,000, 65 per cent of which were 
poljTiiorphonuclear in form. The phenolsulphonephthalein excretion was 65 per cent 
The urea concentration index (Van Slyke index) was 36.7. The Wasserraann reac- 
tion in the blood was negative. There was a trace of albumin in the urine; in the 
sediment there were many leucocytes and epithelial cells. 

CouTsc ill tliG Sospitol. ^During the ilrst few days the edema decreased. 

On April 10, 1923, he experienced severe precordial pain during the night. At 9 
A. SI. premature contractions were occurring every fourth beat. Occasionally dnriiiff 
auscultation there were runs of premature contractions, but when electrodes were ap- 
plied, the irreg-ularity was no longer present. The electrocardiogram showed splitting 
of the S-wave in Lead III (Pig. lb). Tliis wave had been sharply spiked in ail 
the previous records (Pig. In). The voltage of the QRS complexes decreased. The 
conduction time increased from 0.16 to O.IS of a second to from 0.20 to 0.21 of a 
second. There was no friction nib and no rise in temperature. 

On Api-il 13, the patient received digitan (Merck) 2.0 gm. by mouth within 
twenty-four liours. The ventricular rate slowed to from 70 to SO per minute from 
having been between 90 and 100. The electrocardiogram showed further changes in 
the T-waves but no change in P-R time. There was no increase in the output of 
urine. 

On April IS, S90 c.c. of fluid were removed from the right pleural cavity. Dyspnea 
was somewhat relieved. On April 19, during the morning, 610 c.c. of fluid were 
removed from the left pleural cavity. At 3:30 P. Ji. the patient was sitting in bed 
talking to his wife. Suddenly he fell back against the pillows gasping for breath. 
There was marked cyanosis. The ventricular rate was from 35 to 40 per minute 
and the rhythm seemed to be regular. There was no pulse deficit. He was unable 
to speak. Respirations became slower and more labored; cyanosis increased. The 
patient died within five minutes of the onset. 

Summary. — The patient was admitted to hospital with fairly marked heart fail- 
ure. In the absence of a history of acute rheumatic fever and of sypliilis (the IVas- 
sei-mann reaction was negative) and in the absence of hypertension or of vahmlar 
disease on examination, we were of tire opinion that senile changes had taken place 
in the heart muscle accompanj-ing changes in the arteries. He had suffered from 
only two attacks of cardiac pain. The first attack occurred three and a half years 
and the second nine days before death. Botb attacks occurred at nigbt whde flic 
patient was sleeping, that is to saj', they' were not associated with exertion. Electro 
cardiographic data are not available for the first attack of pain; the second attack, 
however, was followed bj^ certain changes (notching and decrease in amplitude) lu 
the ventricular complexes of the electrocardiogram. Fluid was removed from hot i 
pleural cavities. Digitalis slowed the veuti-icular rate and gave characteristic changes 
in the T-waves of the electrocardiogram. There was no diuresis, however, fol ow 
ing its administration. The patient was apparently- slowly improving when he -uo 
denly died. The diagnosis* was: Etiological: arteriosclerosis; Anatomical, car ac 
hypertrophy-, myocardial degeneration, coronary thrombosis, left ventricular p 
ponderance; Physiological: nonnal sinus rhythm, relative mitral insufiSeiency, con 
gestive heart failure. 

summary of autopsy findings 

The autopsy was performed by Dr. Arnold Branch an hour and a half p 
mortem. 

‘This diagnosis conforms to the nomenclature for cardiac diagnosis appro 
the American Heart Association. AM. Heart J. 2: 202, 192G-27. 
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and posteriorly. There were a few bamls between the left bonier of the pmaeardinm 
and the lung, involving both the visceral and parietal layeis of the pleura. 

lungs were moderately anthracotic and e.nphy.nunalous. On .>^L'rl>(>n 
they were pale and spongy; they showed no gross le.sion. Tl.e peribronchial ghuids 
were moderately enlarged and antliracotic. There was a moderate degree of ntlieroiii- 
atous thickening in the larger branches of the pulniontuy iirlety, 

Perieardinm. — There was a moderate amount of fat around the parietal peri- 
cardium. This layer was uttaehed eveiywhcrt.' to the visemal layer by loosely !>dher- 
ent fine fibrous tissue. IVlicu the parietal layer was .‘^l ripped back, it exposed a 
purplish brorm surface over which were seattoiei] .small hemorrhagic areas. Tiiese 
were especially clustered around blood vessels. 

The 'Iteari weighed 530 gm. The wall of the U'ft rautriclc measuted l(i mm. in 
thickness at the base, 15 mm, at the level of the papillary muscle, and •} inm. at the 
apex. The muscle was brownish-red and firm. The cavity was large, especially at 
the apex, the muscle there being thinned out and scarred. This thinning occurred 
abraptly. The papillary muscles were .slender. The endocardium, in which tlu'ro 
were scattered yellow patches of tliickcned endothelium, was ptile brown. Scarring 
of the deeper layers produced a mottled uppearauee. One djuk pur]>le area about 

3 cm. in diameter (Fig, 2a) occupied the ba.se of the posterior papillary muscle. It 
nas probably a recent infarct. The yellow sears occurred in greatc'sl luimlier in 
the apex, in the interveutricnlnr septum, under the aortic vJilve, and at the ■junction 
of the chordae tendinae witli the papillary muscle (Fig. 2«), By f;ir the largest 
irregular yellow area (3 em. by .3 cm.) wa.s .situated imrtly in the auterior wall and 
partly in the septum midway between the apex and the base and just bedow tlie 
arge left anterior descending branch of the coronary artery and differed from the 
0 ler areas in that on cutting it definite scars were .seen in the nmlerlving muscle, 
the yellowish appearance not being due merely to thickened endneardimn. 
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Pig. 2. — In Fig. 2a is presented a photograph of a muscle 

of the left ventricle. A recent infarct in the regions of the PO®teno P. , of tl'/ 

is “adlly identified by the dark area. The ® are 

endocardium. Scarring at the apex and thinning of t e coronarj* arteo 

In Fig. 2 b is shown a photograph of a colored drawing of the lett coiu 

and its branches. 
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tion The opening measured 5.d cm. in circumfcienee. 

There was no abnormality of the puhnonary valve. It measured 6.0 cm. 

At its origin the right coronary artery showed dcfniilc hard tlnchemiio r 
millimeters of its length, but the vessel was patent. It then 

short distance. At the point where the first noticeable branch to the auimlcs ami 
pacemaking area was eneonutered there was a marked yellow thickening; the on- 
fiee of this small artery was narrowed, but in the rest of its o.vtent, as far as i 
can be traced to its finer terminations, the walls were thin and clastic and (he lumen 
was patent. The whole of the right circumflex artery appeared normal with 11)0 
e.veeption of a few scattered small yellow plaques. The po.sfcrior (Irffceiuhiitj Iraneu 
was normal nntil a point was reached in its course down the posterior wall of tlie 
left ventricle, just above its final bifurcation into the two terminal arteries. At 
that point the wall was thickened, firm, calcareous, irregular and bead-like, and 
the lumen could not be seen. Below this occlusion, which was aliout 0.5 cm. in 
length, the artery again appeared nonnal. The Ic.sions jn.st described appeared to 
be old, but it is quite possible that a very small recent clot might have s\)fllcod 
completely to block it. 

The left coronary artery (Fig. 2b) immediately divided into three branclies, 
namely, the large left anterior descending branch, a fairly large marginal hrnnch, 
and a quite well-developed left circumflex hranoh. At its orifice it was thickened, 
but the lumen was patent. The wall of the left anterior dc.secnding branch was 
so firmly calcified that it was cut only with difficulty; the lumen was apparent ly 
blocked throughout by a yellow gelatinous clot. Tliis artery lay over the area of 
extensive seaming seen on the internal aspect of the left ventricle. The marginal 
branch was completely blocked about 1.5 cm. from its origin by a rcddisli throm- 
bus; the artery after this point was very firm and thickened. Below this it ngaii) 
became patent and appeared normal. The left circumflex branch was blocked” by 
a red thrombus. The walls were thickened until it Ijrauched into snmllor arteries 
on the posterior surface. Tliese smaller branches appeared normal. 

The aorta was slightly tliickened in the sinuses of Valsalva and around the cor- 
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The pehds and ureter were intact. Tiie right Mdney weigJied 120 gm. It ;^■as 
similar to the left, except that there were no infarcts. 

The liver weiglied 1320 gm. The capsule appeared thickened along the inferior 
surface of the anterior border. It was j'ellowish-red and mottled. On section it 
exuded blood. The markings were fairly distinct; the substance was friable. 

On section of the hrain there were no areas of hemorrhage to be seen, and tlis 
blood vessels at the base showed no er-idence of atherosclerosis. 


JriCKOSCOPICAL EXAMIX'ATION 


Coronary Arteries.— Sections were examined from the main branches of the left 
coronary artery, that is to saj', the left anterior descending, the left marginal, and 
the left circumflex. Tlie lesions in all were identical. The adventitia was intact, 
the media narrow, and the intima thickened. The elastic tissue stain showed this 
quite definitely. The lumen was obliterated by healed canalized fibi'Ous tissue ia 
which there were a few pigment-containing cells but no inflammatory exudate 
(Fig. 3). The areas of canalization were relatively small in comparison with the 
fibrous tissue and in no wise approached the ci-oss-sectiou of the lumen of the 
vessel if it had been normal. These small vessels varied in size from capillary 
diameter to that of small arterioles. They numbered fi-om five to over a dozen 
in the various sections. A few contained red blood cells and appeared patent while 
the nrajority were filled with pirrk stairring, honrogeneous hyaline-like material, rrot 
taking the characteristic fibriit stain. In a few this pink tissue fornted a thick- 
ring around the lumen. One could imagirre that only a few were patent. This 
appearance was due to healed carralized thr-ombi ; there may have been recent 
thrombosis. 


Left Ventricle . — Irr rrorre of the sectiorrs was there evidence of active infiani- 
nration. The sectiorr from the posterior wall showed areas of fibrous scarring. 
The rrruscle fibers were large and contained large nuclei; distinct striatiorrs and 
corrtractile elements were preseirt. In a section from the region of the anterior 
papillary muscle a similar conditiorr was observed. In the septal area definite 
discrete fibrous irrtimal thickerring was noted, the tissue being relatively acellular. 
The posterior papillary muscle was the locus of a reeeirt iirfarct (Pig. 2a) ; the 
musculature was infilti-ated with red blood cells arrd a few white blood cells. The 
nruscle tissue here too appeared r-ather homogeneous and striatiorrs were less drs- 
tinet. In a section from the apex the wall was thirr (Fig. 2a), arrd the pericardiunr 
was thiekerred and adherent. The errdocardiunr was thickened, and there was marked 
fibrosis and replacement of the muscle tissue. There was in short, endocardial 
thickening, fibrosis, and recent infaretiorr. A section from the lateral wall of the 
light ventricle showed no change from the normal. 

The endocardium of the left auricle was slightly thickened. One vessel showed 
evidence of fibrous thiekenirrg. There was definite thickening, fusion, and Iryalrni 
zation of the pericardium of the right auricle; there was sparse perivascirlar snra 
round cell infiltratioir in the parietal layer. 

Aorta . — The adverrtitia was rrormal, as was also the media. The intima nas 
irregrrlarily thickened arrd deep in its substance were areas made up of pale starn- 
ing acellular rrecrotie tissue. The section included the origin of a small vesse , 
and at this point blood appeared to have welled into a space in the intima rarsing 
the surface layers. At no place was there ulceration. The appearance was t a 


of atherosclerosis. 

The medullary vessels of the I'idneys were engorged as wer-e also the glomeru at 
tufts. The vessels were rather thickened; there was an occasional tuft with pen- 
vascular fibrous thickening. Small infarcts were seen in the cortex just under e 
capsule; these w-ere infiltrated with small round cells. In infarcts which were 
larger but still microscopical in size there were w-hole areas of tubular and glomer 
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Fip. 3. — ^In this figure is reproduced a microphotograph of a cross-section of a 
branch of the left coronary artery. For description see text. Magnification 42. 
reduced.) 


Spleen. There was perisplenitis. The capsule was infiltrated with cells, the 
sinuses were filled with blood, the pulp was not hyperplastic. The blood vessels 
"Cre thichened. The inalpighian coi’puseles were numerous. 

SHmninni/.— The chief interest at autopsy was found to lie in the heart. Both 
>ca e and more recent infarcts of the left ventricle and septum were found. The 
apo.v uas \cry thin and scarred. In the coronary vessels supplying the left ven- 
ric e were areas of calcification and thickening,' and on section the lumen of the 
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vessels ai^peaied to be completely closed. The healed thrombi were pierced h- 
small canalized vessels. The area of scarring iu the heart muscle corresponded 
to the areas supplied b3' the vessels which w-erc occluded by the canalized thrombi 

DISCUSSION 

TliG clinical and post-mortem finding's of a jiatient dying' of coronarv 
occlusion have been in-esented. From examination of tlie lieart at 
autopsy there is no doubt that the patient had suffered from infarcts 
in the heart on many occasions. These had apparently occurred witli- 
out causing conspicuous sjanptoms. There was nothing in the history, 
physical examination, or electrocardiographic record that led to the 
suspicion that the patient had been the subject of such grave changes 
in the mj'-ocardium and coronary Amssels as were found at autopsy. 
There were only two attacks of cardiac pain; the first occurred three 
and a half j’-ears before admission to tliis hospital, and the second nine 
days before death. Both of these attacks came on at night while the 
patient was asleep. They'’ occurred obviouslj^ without physical exertion. 
Following the last attack of severe cardiac pain, there occurred the 
only disturbance of cardiac rhythm of which we have knowledge. 
There -were none of the usual signs associated with coronary throm- 
bosis, such as rise in temperature or pericardial friction rub. The only 
indication apiiropriate to the lesion which the autopsy disclosed was 
the count of the white blood cells Avhich rose from 11,600 (April 8 ) to 
16,400 (April 12 ) and fell later to 10,800 (April 14 ). According to 
Wearn,® liOAvever, the classical signs of coronary occlusion may not 
appear Avhen it occurs in the presence of heart failure. Friction rub 
may have been absent because the pericardium Avas adherent. At au- 
topsy there AAms a fresh infarct in the left ventricle, at the base of the 
posterior papillary^ muscle corresponding to a region supplied by the 
circumflex branch of the left coronary artery. The cardiac pain from 
Avhieh the patient suffered nine days before death may have been due 
to the occurrence of this infarct. On the other hand it may have been 
of more recent origin. Evidence that damage to the cardiac muscle 
had occurred after the time of the cardiac pain on April 10 , Avas shoAvu 
in the electrocardiogram (Figs, la and lb) by splitting the S-AAmve in 
Lead III. There are, of course, corresponding changes in Lead II- 
Here the R-Avave Avas folloAved by a someAAdiat deeper S-AvaAm. Aftei 
the attack of cardiac pain the sequence of these Avaves Avas, hoAvevev, 
reversed (Fig. lb) and the ventricular complex Avas opened by a 
negative folloAved by an ai^proximately equal positive SAving. These 
changes indicated Avithout a doubt change in the path of the excitation 
Avave. There occurred also decreases in amifiitude of the QRS com- 
plexes (compare Figs, la- and lb). Smitld" has called attention to this 
occurrence folloAAdng occlusion of the left coronary artery, especiall.A 
AAdien the circumflex branch is iiwolAmd either alone or Avith the ante 
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how an adequate blood supply to 1h.’ Inmrt muscle was maintain.-d 
under these cirenmstances. The heart muscle can. of course, have been 
nourished by way of the thebesian vessels. ^V<■arll,’•■ in flic liglit of 
recent studies, tbonglit that in the event of »railnal closure of the on- 
flees of the coronary arteries, the thebesian vessels eaii supply the 
lieart with sufficient blood to enable it to maintain an adeqU!!!.* etieii* 
lation. It is impossible to decide whether death was dm' to «n-a<lual 
closing oft' of the blood supply by thickening <d' the intima and thnuu* 
bus formation until a state was finally reaclu'd where the supjdy of 
blood was inadequate, or to sudden complete bb.eking of the eireuin- 
flex branch of the left coronary artery, which eaused the infaret in the 
region of the posterior pajiillary muscle. If. liowcver. the infaret 
occurred nine da.vs before dealh and was the occasion of the cardiac 
pain experienced by the patient at that time, it is possibb* to ennneet 
the occlusion of the circumflex branch of the left coronary artery will; 
the electrocardiograph changes winch were then nhserved. N'o attempt 
has yet been successful, liowcver, in correlating speeilic cluuitii’s in 
electrocardiogram with injury to special coronary vessels. T*he time 
has come, peihaps, when an cflort .should he mad.* to remignir.e e(*rtfiin 
distinctions. It is to be expected that when occlusion (and hv this is 
meant the acute le.sions, not the slowly developing senescent ]u-oeess' ) 
takes place, fever, Icncocytosis, and iiain occur, irrespective of tin- 
branch of the coronary artery whicb k involved. To identifv the 
branch that is occluded, a relation should be .sbown to exist lu-iweeu 
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Table I 

SuM^tARY OF Cases in Which Occlusion of a Coronary Artery Was Demonstrated at Autopsy ExaminxVtion and in Which Electro- 
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lesion was folloived in turn by changes in electrocardiogram and then 
within a short time by autojisj'- examination. It is only in this way 
that specific electrocardiographic signs can be correlated with lesions 
in special coronary vessels (Table I). 

Srnitli^® found in dogs decreases in amplitude of the QRS complexes 
in all the cases when the circumflex branch of the left coronary artery 
was occluded alone, in 20 per cent when the anterior descending 
branch was occluded alone, and in 30 per cent when the anterior de- 
scending branch as well as the circumflex branch was involved (Table 
I). He cites 2 eases (Hei'riclc’s^^ and his own) in ivhich comparable 
electrocardiographic signs were observed when there was occlusion of 
the left circumflex branch and also of the anterior descending branches, 
though the thrombi in the circumflex branches were of more recent 
origin. Pardee ’s ease^- unf ortunately cannot be made to serve as evi- 
dence, since the patient recovered and the vessel involved is not 
known. His other published eases^'* cannot be utilized in this connec- 
tion, since the patients died of heart failure and did not exhibit signs 
or symptoms associated with disease of the coronary arteries, althougli 
at autopsj^ alterations were found in these vessels. So far as can be 
ascertained death did not follow acute coronary occlusion. It is not 
possible in Wearn’s 19 eases® to correlate the vessels involved with the 
electrocardiographic changes. He states, however, that the QRS com- 
plex was diminished in height in about one half, while in only one of 
them was the circumflex branch occluded. In the 2 cases of thrombosis 
of the descending branches of the left coronary arteries reported by 
Herrmann^® the QRS complexes were diminished in height. It is not 
known whether the T-waves changed. In Willius’^® cases the changes 
in the eoronaiy vessels were of a chronic nature, and the cases do not 
fall in the group under consideration. In our case the recent infarct 
was found in the area supplied bj^ the circumflex branch of the left 
coronary arteiy. This Avas occluded; correlated Avith this there AA'as 
diminution in amplitude of the QRS complexes of the electrocardio- 
gram. Other branches Avere inAmhmd to be sure, but there AAmre no 
areas of recent infarction in the regions supplied by these branches. 
There may be, then, based on Smith’s experiments, on Herrick’s (one). 
Smith’s (one), and Wearn’s (one) cases and on our OAAm, a rough 
correlation betAveen occlusion of the circumflex bx’anch of the left coro- 
nary artery and decrease in amplitude of the QRS complexes. But in 
one of Smith’s, Herrmann’s and most of Wearn’s eases, exact corre- 
spondences are not to be found. If, in the future, observers Avill make 
specific statements about the occurrence of pain, exertion as the excit- 
ing cause, fever, leucocytosis, friction rub, and of changes in T-aa^a^cs, 
QRS complexes, and rhythm of the electrocardiograms, and about the 
specific vessels found at autopsy to be involved in the acute coronary 
accident, then sufficiently accurate material Avill accumulate upon 
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wliich it will be possible lo clceide wbetbor a closer correlation can be 
made between lesion and sign than is ])0.ssible at present. Under tbe 
circumstances, then, exact correlation between lesion and electrocar- 
diographic sign is impossible. Whether further refinements of .study, 
either of the site of injury or of better definition of alterations in the 
electrocardiograms, will permit accurate diagnosis cannot now be 
known. 
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THE ACTION OP DIGITALIS IN COMPLETE HEART-BLOCK 
Its Toxic Influence on the Idioventricular Rate and Rhythm^' 

Sidney P. Schwartz, JM.D. ’ ' 

New York, N. Y. 

' I 'HE limitation of treatment with digitalis in patients with complete 
■■■ heart-block is no means established. Although the administra- 
tion of the drug has in certain instances been accompanied by bene- 
ficial effects/’ ■’ ■' in others it has been directly associated with grave 

arrhythmic accidents at times unfortunatelj’- ending fatall 3 \®’ ® It is 
such serious outcomes that have probablj’’ impelled competent observers 
to state empliaticallj^ “that safet}’’ demands that digitalis be avoided 
in any ease vdth bradycardia.”' Such overeautiousness, howevei*, may 
deprive a patient with complete heart-block of the onlj^ i-emedial meas- 
ure for the relief of distressing symptoms when heart failure sets in. 

The main discrepanej^ in views seems to center on whether the bene- 
ficial results of the drug are due to an increase in the muscular 
contraction of the heart or to an augmentation of the automatic ventricu- 
lar rate. It is held by some that a quickening of the slow idioven- 
tricular I’ate is a therapeutic result to be desired,® and an increase in 
rate has even been suggested as a possible indicator of the therapeutic 
effects of the drug.® It is claimed b}^ others that a clinical improve- 
ment in patients with complete heart-block and decompensation has 
been demonstrable only after an increase of the idioventricular rate.^® 
Prom a study of 8 patients with complete heart-block and signs of 
heart failure who have been admitted to the wards of the Montefiore 
Hospital within the last two years and treated with tincture of digitalis, 
it has been concluded that the venti-icular rate is increased appreciably 
only after the administration of large doses of digitalis ; that is, doses 
that are greater than those commonly emp] 03 md in therapeutics. Three 
of these cases are reported in detail, since each represents a distinct 
tjqie of toxic digitalis action on the ventricles in complete heart-block. 
The increase in the ventricular i-ate following the administration of 
digitalis was accompanied in 2 patients by such distressing symptoms 
as breathlessness and fainting spells with visual disturbances and in 1 
patient there were fieeting periods of total loss of consciousness, all of 
which passed awaj^ with the restoration of the dominant idioventricu- 
lar rate and rhythm. In 2 of the patients, digitalis had the effect of 
initiating transient auricular fibrillation. 

♦From the Service of Dr. B. S. Oppenheiiner, the Medical Division of Uie Monte- 
fiore Hospital. 
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REVIEW OP LITERATURE 

It is well established from experiinenlal observations on the niani- 
nialiau heart that after the development of lasting anricnlo-ventricnlar 
dissociation and complete licart-block following the destruction of the 
bundle of His, effective doses of digitalis may increase the slow ratu 
of the idioventricular rhythmd^- It is possible to have a bi- 
geminal rhythm or a rapid regular or irregular ventricular tachycardia 
of the independently beating ventricles depending upon the quantities 
of digitalis introduced into the circulation. In human beings, a notable 
increase of the dominant rate of the ventricles in complete heart-bloclc 
in association with the administration of digitalis has not been ob-, 
served except under unusual circumstances. In the majority of cases 
in ivhich an attempt has been made to induce a change in the idio- 
ventricular rate by digitalis, no results could be obtained ivhen thera- 
peutic doses were used.’"'’ The few instances cited in the litera- 
ture that are supposed to liavc .shown positive change.s deserve repelition. 

Bachman^® noted what he believed to have been a “conspicuous ’ in- 
crease in the ventricular rale, with a notable decrease in the auricular 
beat in a patient with complete heart-block following the administra- 
tion of the tincture of strophantlms. His patient received 5 minims of 
the tincture three times a day for twelve days. 'Wliercas before tlie 
administration of the drug, the ventricular rate averaged 23 bcat.s per 
minute, a day later it had increased to 27 beats. On the sixth day of 
observation, after the dose had been doubled for the day, the ventricu- 
lar rate of tlie patient was found to be 33 beats per minute. A careful 
review of Bachman’s protocol reveals, however, that, despite the per- 
sistent use of the drug in the doses mentioned, the ventricular rate 
was only 28 beats per minute at about the eighth day and remained at 
that level throughout the patient’s period of observation. The total 
increase of the basic ventricular rate, tliercfore, did not amount to 
more than 5 beats per minute, which i.s, as will be later pointed out, 
a relatively normal variation in complete heart-block when the rate is 
counted over a prolonged period of time. Such small increments in 
the rate of the ventricles could be as well attributed to the variability 
of the inherent mechanism of the independently beating ventricles as 
to the action of the drug itself. 

Meyer® recorded poly graphically a doubling of the ventricular rate 
111 a patient with complete heart-block during the administration of 

le infusion of digitalis. In his patient the ventricular rate varied at 
hrst between 28 and 36 beats per minute and increased up to 70 beats 

rMowirl' "’■•‘S st,irtecl. An analysis o£ his 

of the A. P"”' ‘P t'" ••'dminii^tration 


moie regular and decreased spontaneously 



410 


THE American heart journal 


to an idioventricular rate that varied between 26 and 28. It is obvi- 
ously impossible in so labile a rhythm as this case presents to attribute 
any definite acceleration of the automatically beating ventricles to the 
use of the infusion of digitalis. Besides, since there was no other ade- 
quate evidence of digitalization, and the patient died two days fol- 
lowing the sudden increase in the ventricular rate, it is probable that 
the rise of the rate might have been an ante-mortem phenomenon, as 
has been observed in other patients with complete heart-block, inde- 
pendently of the use of any drug.^® 

Bastedo’s ease® is more convincing, although the increase in the ven- 
tricular rate of his patient was accompanied by the appearance of 
retrograde rhythm, a condition observed experimentally in the transi- 
tion stages from partial to complete heart-block and usually considered 
as an index that the block is incomplete.^- In his i^atient with heart- 
block, digitalis had the effect of bringing on short spells of doubling 
of the intrinsic rate of the ventricles with the onset of retrogi'ade 
rhythm. In one of the polj’^graphic tracings from this case, the ven- 
tricular rate showed a jump from 26 to 54, the auricular rate dropped 
from 62 to 54, and the rhythm was reversed so that the auricular sys- 
tole followed that of the ventricles instead of preceding it, both hav- 
ing the same rate at the end of each such paroxysm. There was a long 
pause of the ventricles lasting some seconds following this eliange. 
Dui’ing such variations of rhythm, tlie patient experienced passing at- 
tacks of faintness or lightheadedness though Ijdng flat in bed. 

It should be mentioned here, that in all of the three eases cited 
above, the suggested increase in the I’ate of the ventricles as a result 
of digitalis administration has been deduced from polj^graphic ti’ac- 
ings. By such means it is difficult to ascertain whether the increase 
in the ventricular rate is due pi'imai'ily to stimulation of the idioven- 
tricular pacemaker or to premature beats of the ventricles. In some 
such instances even electrocardiograms maj- be difficult to interpret. 

CASE reports 

Case 1. — B. W., a woman, aged eighty-two years, was admitted to the jrontefiore 
Hospital on September 26, 1927, and died on April 21, 1928. She complained of 
having had intermittent attacks of pain in the right upper quadrant for the past 
fifty years. Within the last two years she had been suffering from shortness of 
breath, precordial pains upon the least exertion, insomnia, headaches, and weak- 
ness. 

Ten years ago (February, 1918) the patient was informed that she had gall 
bladder disease with gallstones but because of her age it was not thought advisable 
to operate upon her. With the exception of the periods when she experienced these 
recurrent attacks from her “gallstones,” the patient was able to attend to her 
house duties until June, 1922, when she entered St. Luke ’s Hospital, complaining of 
a new series of symptoms which she developed in rapid succession. These were 
precordial pains, shortness of breath, and headache with weakness. The precordial 
pains came on with the least exertion and were paro.xysmal in character. They were 
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accompanied by periods of restlessness and a sudden increase in respirations. Dining 
the seizures slie would turn pale and cold and would be unable to speak. In half 
a minute after tlieir onset she would feel better again but very weak. She re- 
mamed at St. Luke’s Hospital at first for about five weeks and after si short 
stay at home, had to be readmitted, when, because of the increasing severity and 
duration of her attacks and precordial ])ain, it was thought advisable to keep her 
in the hospital for the next fifteen weeks. She returned home but remained in 
bed most of the tune during the following eight months. 

In September, 1927, two weeks prior to her admission to the Montefiore Hospital, 
she had a very severe attack of pain over the precordial region for which she was 
treated at Bellevue Hospital. On tlie day of her admission to the Montefiore Hos- 
pital she had had a similar attack at home, but this time it was preceded and ac- 
companied by loss of consciousness, convulsions, and incontinence of urine. It is 
not known whether her pulse rate was very slow during this seizure. She never 
had a similar experience during her entire period of stay :it the hlontefiore Hospital. 



vate^f'T.s'. Aurfcular^aTe D* 28 . Complete heart-block. Ventricular 
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fluctuating and tender mass in tlie right upper quadrant. The liver edge was 
not palpable. There was no evidence of ascites. The lower extremities showed 
no edema. 

Eoentgen examination of the chest failed to reveal any abnormality of the lungs. 
The heart shadow showed slight enlargement of the left ventricle. The arch of the 
aorta showed a few calcific plaques. 

The Wassermann reaction was negative on several occasions. The blood sugar 
was 106 mg. per 100 c.c. Urea nitrogen was 24.4 mg. per 100 c.c. The urine had 
a specific gravity of 1023, and there was no sugar or albumin; microscopic exam- 
ination revealed a few pus cells. 

Several electrocardiograms taken shortly after admission revealed the presence 
of complete auriculo-ventricular dissociation with complete heart-block, the ventricular 
rate averaging 37.3 beats per minute and the auricular rate being 99. There was 



Fig. 2. — Case 1. Ecg. No. 3591. April 17. 192S, 10 a. m. Complete heart-block. 
Basic ventricular rate 4S.4. Auricular rate 100. Lead II shows alternate prematiue 
beats of ventricle. Ti is neg:ative. 


slight left axis deviation in some of the records. The ventricular complexes were 
all of the supraventricular form and the T-wavos were all positive. 

Course and Progress . — During her stay in the hospital the patient was able to 
be in a wheel chair for some of the time until March 14, 1928, when it was found 
necessary to perform thoracentesis of the chest which yielded 1500 c.c. of clear 
straw-colored fluid. From that time on, she was kept in bed, and an attempt was 
made to see if digitalis in adequate amounts would increase her idioventricular 

I’fite. . j. T -4. T 

On March 27, 1928, the patient received orally 13 c.c. of the tincture of digitalis 
within twelve hours. (This was approximately a body-weight dose figured out by 
the Eggleston method.) She experienced no nausea or vomiting. An electrocardio- 
gram taken on the following day revealed a slowing of the auricular rate froni 
99 to 78 beats per minute, but the ventricular rate remained practically unaffected. 
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showing an average of 3o.;j beats per minute. Tlierc was definite evidence of dig- 
itnli-mtion in the electrocardiogram. The T-wave was negative in Lead I and re- 
duced in size in both Leads II and III. P was now negative in Lead III. There 
were no significant changes noted in any of her electrocardiograms studied witliin tlic 
next few weeks, up to those taken on April IG, IfifiS, when the auviculai rate 
showed a return to the original rate of 99 beats per minute and the T-waves had 
resumed their normal shape and size in every lead. (Fig. L) 

On the morning of April 1C, 192S, the patient complained of pain in the right 
side of her chest posteriorly near the angle of the scapula. Physical examination 
at this time revealed signs of dullness at the right base posteriorly, bronehovcsiciilar 


Lead I 
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did not experience any nausea or vomiting. A definite increase of her ventricular 
rate independent of any premature beats was not noted until the following day. 

Apt il 17, 1938. The general condition of the patient on this day was very 
poor. She was stuporous and in a semicomatose condition. The temperature was 
102.3° P., the respirations were 26, and the pulse was intermittently regular and 
il regular but remarkably forceful. The signs of bronchopiieimionia had spread 
to the opposite lung. 

The electrocardiograms taken on the morning of this day showed a definite in- 
crease in the idioventricular rate which varied between 47.6 and 48.4, not counting 
the premature beats. The auricles now averaged 100 beats per minute. At times 
the heart rate would be regular for very long periods. At other times there were 
alternate premature beats of the ventricles, causing a bigeminal, trigeminal, and 
frequently quadrigeminal rhythm. Sometimes during the bigeminal periods, the 
alternate premature beats of the bigeminy would first assume the character of a 


Lead I 



Fig. 4. — Case 1. Ecg. No. 3596. April 18, 1928, 11 A. m. Complete heart-block. 
The ventricular rate varies from lead to lead. It is 35.7 in Lead I, 43.4 in Lead 11. 
and 42.8 in Lead III. Lead III shows an abrapt chang^e from complete to partial 
heart-block W'hich is accompanied by a transition from a dextrocardiogram to a 
levocardiogram. Note that the QRS group as well as the T-waves is affected hy this 
change. The T-waves are noiv negative in all the leads showing complete heart-block. 

dextrocardiogram and then suddenly change to a levocardiogram. The returning 
cycle following the premature beats of the bigeminy was always equal to the cycle 
of the idioventricular beat immediately preceding when the latter was not ac- 
companied by an extrasystole. There were no changes in the size, shape, or form 
of the ventricular deflections at this time (Fig. 2). 

Electrocardiograms taken between 2 and 5 p.m. of this day revealed no ap 
preciable change in the ventricular rate from that noted above. The auricular, 
beats, however, showed an increase to an average of 108.6 beats per minute. There 
were now to be noted definite variations in the initial ventricular deflections. These 
consisted in marked lowering of the voltage of the QES poup iu Lead I and 
similar but slighter changes in Lead II. Tlie T-wave was distinctlj' smaller in a 
three leads, with a tendency to negativity in the first lead. The P-wave was definitely 
increased in size. The predominating irregularity consisted of a bigeminal anc 
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rhTtlm too lo premature vcutricular bcata »mo ot .l.id. »" 

IbLniailj- rvidc dcflocHon. At times Here rveie long intervals rvlien the ventrirul.t 

rate was regular (Fig. 3). 

Ann! IS 192S : On the nionnng of this iluv Ihe patient appeared slightly hotter 
in that she was able to take some iionrishmcnt. The pulse rate was regular am 
very forceful. The average ventricular rate, counted over long jieriods ol time, 
was 48 heats per minute. The electrocardiograms confirmed the absence of any 
irregularities until late in the day. Of particular interest in the records of this 
afternoon were the sudden and abrupt alterations in the form of the ventricular 



Fig. a,— Case 1. Ecg. No. 3.'i97. April IS, 192S. Load II only. Partial heart-block. 
2:1, toilow.ng pressure over tlie light carotid artery. Not(‘ tlic .slowing of nolti the 
auricular and the ventricular rates. Tlie auricular rate has been reduced by tbi.s 
method from 100 beats per minute lo nO.O and tbe ventricular rate is now 15.1, 
whereas it was IS.2 before. Note tlial the T-wave Is markedly negative now as com- 
pared with tlie .single atypical complex of Lead 11 In l-'i};. 1. 
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as tlie T portion of the ventricular complexes showed changes at the same time 
(Fig. 4). (It is to be noted that in some of the records of the previous day the 
change involved only the QES complex, the T-wave remaining the same.) 

Pressure over the left carotid sheath, at a time when the ventricular complexes 
did not show anj' of the variatiojis described above, resulted in what appeared to 
be a change from a complete heart-block to that of partial 2:1 block with a 
decrease in the ventricular rate from 48.2 to 45.4 beats per minute and a slowing 
of the auricular rate from 99.3 to 90.9 beats per minute (Pig. 5). 

April 19, 192S : The patient was now in coma, but the respirations were regular 
and 30 per minute. The temperature was 103.2° P., and the signs previously noted 
at the periphery of the lungs had now spread to the central part. The' pulse 
was very forceful and again, as on the previous day, there were intermittent periods 
of regular and irregular rhythm. The ventricular rate of the dominant idio- 
ventricular rhythm was now 53.5 beats per minute and the auricular beats averaged 
125. It was difficult at times to make out the arrhythmia of the heart clinically, 



Pig. 7._Case 1. Ecg. 3604. April 20, 1928, 1 A. M. Partial heart-block, 2 :1. 
Lead III shows transition from complete to partial heart-block. Ventricular >’ate is 
54.8 the auricular rate is 115.3. Note the change in rate with transition of com- 
plete heart-block to transient heart-block. The rhythm is now regular. 

but the electrocardiograms revealed frequently innumerable premature beats of the 
ventricles with complexes of extremely wide deflections following the normal beats 
in groups of from 3 to 5 beats at a time. The impulses appear to be arising from 
several foci at the same time and are superimposed upon each other. Their pres- 
ence brings the rate of the ventricles as high as 250 beats per minute. Changes 
in the ventricular deflection are still present, and they appear as abruptly as m 
other records but are especially noticeable in Lead III. Again it is to be note 
that a sudden transition from a de.xtrocardiogram to a levocardiogram invariably 
takes place only at a time when the P-E interval measures a certain length now 
approximately 0.160 sec. or 0.180 sec. In these records both the QES and the 
T-waves are changed at the same time, that is, when the QES complex assumes the 
form of a levocardiogram, the T-wave becomes positive (Pig- 6). 

April 20, 1928: The patient was distinctly worse this morning. She was nou 
totally unconscious and incontinent of feces and urine. The temperature i\as 
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103 4° r. the respirations were 30, and the pnlso rate was 00 and almost per- 
fectly regular. There were no premature beats to be heard at all. The interesting 
feature of the electrocardiograms on this day was the alternate periods of iiitei- 
.uittent partial and complete heart-bloek. The transition from complete hei.rl- 
block to partial heart-block (2:1) was associated with an abrupt change of the 
initial ventricular deflections from a dextroenvdiograin to a levocardiognim ami 
increase iii the ventricular rate from 53..1 to GO beats per minute. Tliere were no 
coincident changes appreciable in the auricular beats which now averaged 03.7 beats 
per minute (Fig. 7). 

April 21, 192S : On the inorniiig of this day pulmonary edema set in. Jhe 
temperature and respirations were about the same as on the previous day. J ho 
pulse was very forceful and regular. The ventricular rate averaged 05.2 beats 
per minute, and the auricular rate was now at its highest level of 125 be.ats 
(Fig. S). The electrocardiograms showed complete aiiriciilovcntricular dissociation 
nltli complete heart-block. The T-waves were ncg.'itive in all three leads. Ihc highest 
rate recorded ivas 71 beats per luimite, when the ventricular rhythm w:is known 



-I- t'onmletc Iioart-bloek. 

^n ^ 1 Si ^''Uncular rate is 12.-,. Tlio rJiytlim is rofrulnr. The T-wavD.-^ 

nes-ative, .showing tlie patient to be deeply under the influence of 
i^oinp.are with Fig. 1. 


digitalis. 


to be regular. The rate kept up at about that level until 0 p.it, of this day when, 
because of the patient's general condition, observations had to be diseoiitiiiiied. 
She died on the evening of this d.ay. 


Gomment—In this patient a therapeutic dose of digitalis adminis- 
tered tvithin twelve hour.s produced a .slowing of the auricular rate 
trom 99 heats to 78 beats per minute but did not accelerate the ven- 
tricles. Three weeks later, after the effects of tlie drug had ivorn off 
as judged by the return to normal of the auricular rate and the 
-waves of the electrocardiogram, the patient was given orally ap- 
P oximately one and a half times the first dose of digitalis within 
of Je rv following the administration of this amount 

from 87 qT’ ventricular rate .showed a sudden increase 

idioltf • I increase in the 

^clioventncular rate was progressive until it reached 65.2 beats pm- 
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minute one day prior to death, independently of the presence of any 
piemature heats. The auricular rate showed a similar progressive in- 
crease until it averaged 125 beats per minute, the highest figures 
recorded in the electrocardiograms. 

The possibility must be considered that the bronchopneumonia was 
responsible for the increase in the ventricular rate. While it is well 
known that fever increases the lieai't rate of patients with normal sinus 
I’hythm, in complete heart-block observations on this point are lack- 
ing. In one patient with lobar pneumonia who did not receive any 
digitalis, who was followed at the Montefiore Hospital, the rise in 
temperature due to the lung infection did not influence the rate of 
the ventricles. It would seem iirobable that in complete heart-block 
due to organic involvement of the bundle of His, the factor of pyrexia 
may be discounted as responsible for increasing the Amntrieular rate. 

Again it may be questioned whether a uniform rise in the dominant 
ventricular rate might not have been an ante-mortem aceelei’ation as 
has been observed by He Graaf and Wise in one of their patients with 
complete heart-block. The presence of simultaneous irregularities in 
rhythm in the electrocardiograms, such as multiple premature beats 
and the inversion of the T-wave, which became more prominent in all 
three leads from day to day, lend weight to the view, however, that 
both the increase in rate and the disturbances in rhytlim are due to 
one and the same factor, namely, excessive digitalis administration. 

Case 2. — M. L. L., aged si-xty-iiiiic rears, a peddler, was first seen on November 
4, 1925. He bad been in good liealtli up to one year before (June, 1924) when be 
first began to complain of shortness of breath, progressive swelling of the lower 
extremities, and paroxysmal precordial pain, especially at night. He also suffered 
from pain over the right upper quadrant. Although at the beginning of his illness 
he could attend to his work, in the last six months he had been confined to bed 
because of weakness and swelling of the abdomen and scrotum. 

Physical examination at this time (November 4, 1925) revealed an old, cyanotic 
man whose breathing was labored and of the asthmatic type, with prolonged wheezing 
expirations. There was cyanosis of the lips, cheeks, and finger nails. The superficial 
vessels of the neck were markedly distended and showed definite visible pulsations. 
The chest was moderately barrel-shaped. 

The heart was markedly enlarged, the left lower border reaching the sixth inter- 
costal space in the anterior axillary line. The heart sounds were of fair quality. A 
loud blowing sj-stolic murmur replaced the entire first sound at the apex. The 
aortic second sound was accentuated. In the long diastolic silences, two and some- 
times three muffled sounds could be heard best at the third intercostal space to the 
left of the sternum. These sounds corresponded with the systolic pulsations in the 
superficial veins of the neck, which were seen in the absence of a corresponding 
apical beat. The pulses were equal in force and time and were Corrigan in type. 
The rate rvas only 32 beats per minute. The radial arteries rvere tortuous, beaded, 
and rigid. The blood pressure varied between 300/80 and 210/80 mm. Theie nas 
marked dullness over both lungs posteriorly. On the right side breathing vas 
diminished from the angle of the scapula to the base. The abdomen was distended 
and there was shifting dullness. The liver was enlarged to 20 cm. below the 
costal margin. It was painful and tender to touch, but it was not pulsating. The 
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scrotum was markedly edematous and enlarged to the size of a grapefruit. The 
1 1 and legs were extremely swollen. The prostate was large and nodu ar. 

lourse and Progrcss.-On daily doses of 3 c.c. of the tincture of cUgitahs orally 
for a period of twenty days, the edema of the scrotum and extremities cleared up 
completely, the ascites disappeared, but the fluid in the chest had to be romoied 
by thoracentesis. In three months’ time his weight came down from 194 pounds to 
136 He was able to be up and about and no longer had to be restricted in his 
fluids. The liyer, however, did not recede and remained practically the same 
throughout the rest of his life. 

On April 14, 1926, the patient began to show symptoms of jirostatic obstruction. 
He could not void, and on several occasions had to be cathctenzed. Shortly after 
the onset of these symptoms, he again began to experience shortness of breath. 
In two days’ time, there was definite evidence of fluid in the right chest and swelling 
of the legs. An eleetroeardiogram taken at this time revealed the presence of com- 
plete heart-block with a ventricular rate of 88. Because of the increasing symptoms 
of heart failure, the patient was admitted to the wards of the Montefiore Hospital. 

On April 23, 1926, he was given orally 10 c.c. of t!ie tincture of digitalis, and 



2. Ecg. 1837. May 3. 192G. Complete heart-block. Auricular fibril- 

ternSatoU ventricle singly and in groups. In Lead II they are in- 

terpolated at both ends of the record. 

this was followed within the subsequent three days by 10 c.c. more, so that he re- 
ceived a total of .20 c.c. of digitalis in three days. Two days after he received his 
last dose there was very marked increase in the heart rate, which became slightly 
irregular and averaged about 56 beats per minute. It ivas noted at the same time 
that the superficial jugular veins no longer showed the regular pulsations seen on 
pi emus occasions when his heart rate was regular. Clinically it was very dif- 
eult to distinguish the irregularity present. An electrocardiogram revealed com- 
P e e leart-bloek, auricular fibrillation, and premature ventricular beats both isolated 

a ^“^erpolated (Fig. 9). At times these formed 

- bigeminal and trigeminal rhythm, but there was no definite sequence in their ap- 

ine spTsflV abnormal rhythms, the patient experienced faint- 

everr ott momentary loss of consciousness. He complained that 

y othei minute everything got black” before his eyes. 

ventnvri ^^®‘^°^tinued except the usual sedatives. One week later all 

It was nTt unm a bad _ disappeared, but the auricular fibrillation persisted. 

restoration to t arrhythmias that 

uoimal basic rhythm of complete heart-block was observed. Clin- 
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ieal examination at tlie time, June C, 1926, revealed a regular ventricular rate of 
32 beats per minute. In the long interventricular silences, there were two definite 
jugular pulsations accompanying two weak heart sounds now best heard at the level 
of the fourth intercostal space to the left of the sternum. The lungs were clear; 
the liver, however, remained enlarged as previously. There was no edema of the 
legs. 

The patient remained in fairly good condition for several months after this 
episode, but at no other time was fibrillation of his auricles noted either clinically 
or graphically. He died suddenly while sitting in a cliair on September 24 of this 
year. 

Comment . — The dominant idioventricular rate of this patient was not 
influenced at all during the administration of daily doses of 3 c.c. of 
the tincture of digitalis over a period of twenty-one days, although the 
general condition and symptoms improt'^ed remarkably during that 
time. As a matter of fact careful measurements of the electrocardio- 
gram revealed that at the time he received his first course of digitalis, 
•from which he benefited considei’ably, the ventricular rate was even 
slower than at any subsequent observation. The ventricular rate 
showed an appreciable increase onty after the administration of large 
doses of digitalis within a comparatively short time. The increase 
was due primarily to the interpolation of premature beats of the ven- 
tricle arising in multiple foci. The dominant rhythm was completely 
disrupted by these when tlxe}’- appeared in groups, since many of them 
showed no definite sequence in their appearance. That the auricular 
fibi’illation and the multiple premature beats were due to excessive 
digitalis action is suggested by the fact that the withdrawal of the 
drug resulted in the restoration of the dominant rhythm of complete 
heart-block. 

The increase of the ventricular rate due to premature beats as a 
result of digitalis was a very undesirable effect in this patient because 
there vreve momentary periods of loss of consciousness at a time when 
the ventricular rate was a high as 107 beats per minute. On the other 
hand, his symptoms were best relieved by moderate doses of digitalis, 
and he remained free from edema and breathlessness as long as the 
drug Avas used in this manner. ■ His death Aims probably due to acute 
coronary A’-essel closure and Avas not related to the admiuistration of 
the drug. There Avas no increase in the A'^entricular rate shortly before 
his death. 

Case 3. — L. E., man, aged fifty years, .a tailor, was admitted to the MonteRore 
Hospital on August 5, 1927, and died on November 28, 1927. He had previously 
been observed at this hospital for a few' days, leaving of his oavii accord to enter 
another institution. 

The patient had been well and up and about until three years prior to admis- 
sion (February, 1924), when he began to complain for tlie first time of difficulty 
in walking because of oppression in the epigastric region, which was worse on ef- 
fort. Soon after, he became arvare of breathlessness on exertion and noticed progres- 
sive swelling of his lower extremities during the daytime. Both of these symptoms 
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compelled him to seek medical attention in November, 1924, but it was not ui til 
one year later (November, 1925) that he entered a hospital. In the period of the 
next two years he was admitted to several institutions on nine separate occasions, 
besides being in constant touch with the out-patient clinics of four other hospitals 
from which we were able to obtain a consecutive story of his progress since the 


onset of his illness. 

■ In the middle of the summer of 1925, the patient noticed that he could not walk 
a block in less than fifteen minutes because he had to stop every few steps to get 
his breath. At about the same time the swelling which was first limited to his 
feet progressed to his thighs and this increased his difficulty in getting around. 
Occasionally he would get nocturnal attacks of shortness of breath. In the next 
few months he observed that while at first the edema of the legs would disappear 
at night, toward the early part of November, 1925, the swelling persisted and was 
getting worse even though he remained in bed for the entire da}^ His first hospital 
admission was on November 10, 1925. 

Physical examination at this lime revealed an obese and well-preserved man 
who looked much younger than his age. He was sitting up in bed supported by 
several pillows, and breathing with difficulty. There was marked cyanosis of his 
lips and finger nails. The superficial veins of his neck were not distended. His 
chest was moderately barrel-shaped. The apical impulse of the heart was neither 
visible nor palpable and percussion of the cardiac outline was difficult because of 
the rounded contour of his chest. The heart sounds were of fair quality, the first 
sound at the apex being replaced by a soft blowing systolic murmur which could 
be heard all over the chest. The heart rate w'as 72 beats per minute, and there 
\Yas an occasional premature beat with a compensatory pause. The pulses were 
of good quality. The radial vessels were slightly thickened and tortuous. The 
blood pressure was 144/90 nmi. The lungs showed a moderate amount of moisture 
at both bases posteriorly. The abdomen was soft but large and lax. The liver 
edge could be felt 2 cm. below the costal margin. The spleen was not palpable. 
There was marked edema of the legs and thighs. 

The Wassermann reaction was negative. The urea nitrogen was 21 mg. per 100 
c.e. Tlie urine did not show anything abnormal. An electrocardiogram taken at 
this time (November 11, 1925) revealed the presence of high grade intraventricular 
block. The QES measured 0.160 sec. The P-E interval was prolonged to 0.280 sec. 
There was an occasional premature ventricular beat. Within the next few days 
there was a spontaneous increase of the P-E interval to 0.320 sec. with partial 
A-V block and dropped beats. Because of the presence of these signs, it was not 
deemed advisable at this time to give the patient any digitalis. His edema cleared 
up with rest in bed, restriction of fluids, and diuretics, so that he was able to leave 


the hospital in fairly good condition one month after his first admission. At the 
time of his discharge he was able to walk around very comfortably but slowly. 

In the next few months, the patient attended an out-patient clinic but because 
of increasing discomfort from traveling to the clinic, he resorted to a local physician, 
who promptly placed him on graded doses of digitalis. (The dose is not known.) 
On his second admission to the hospital (September 24, 1926) the patient showed 
marked ascites and hydrothorax, both of which required immediate relief. He 
was very uncomfortable, his liver was. now 5 cm. below the costal margin and he 
showed marked edema of the legs. He was given no further medication e4ept the 
usua sedatives for the night. Several electrocardiograms taken during the two 
months following his second admission revealed the presence of heart-block with 
.yeiitricular rate tl.at varied between 40 and 44 beats per minute. At first the 

of tlio" T of 0.20 sec., with marked negativity 

... '"kie in Leads I and II. It finally became complete and remained so 
u 1 ecember, 1926, when there was a severe release of the block to an incomplete 



422 


THE AMERICAN HEART JOURNAL 


one 2:1 rhythm. The development of the complete heart-block was attributed 
to excessive digitalis therapy which the patient liad received while at home Never- 
theless, between December 8, 1926, and January 13, 1927, the patient was again 
treated with digitalis because of the recurrent ascites and hydrothorax. In that 
lieriod he received a total of 69.5 c.c. of the drug at the rate of 30 minims, at first 
ojily once a day and then at intervals several times a day. He did not develop 
coniplete heart-block again until Januai-y 28, 1927, but despite these arrhythmic 
variations lie was feeling much better under the influence of the drug than without it. 

Between this last date and his admission to the Montefiore Hospital he had to he 
admitted to the wards of several institutions because of dyspnea from excessive 
accumulation of fluid in his chest. From repeated electrocardiograms taken in this 
interval, it was noticed that his rhytlun varied between a complete heart-block and an 
incomplete one depending upon whether or not he was under the influence of dig- 
italis. As his illness progressed, it could definitelj' be seen, however, that he no 



Fig-. 10. — Case 3. Ecg. No. 2S13. Aug. 9, 1927. Complete heart-block. Auricular 
fibrillation. Acceleration of the ventricular rate due to stimulation of the Idioven- 
tricular pacemaker. Ventricular rate averages 87 beats per minute. Compare with 
following record. 

longer responded to the drug as he had in the previous two years. Whereas, 
formerly his edema and breathlessness had become better with the use of digitalis, 
now, in the summer of 1927 he required more diuretics and abdominal taps for 
relief of symptoms. His ventricular rate during most of this time did not vary 
more than 8 beats per minute when he showed complete heart-block. Of unusual 
interest is the fact that premature beats were not observed in his latter records 
when it was well known that he was under the influence of digitalis. 

In the ten days prior to his admission to the Montefiore Hospital he had re- 
ceived 2 c.c. of the tincture of digitalis once a day for the first three days and 
the same dose three times a day for the remaining seven days. Although when 
first seen in our wards, it was known that he had a complete heart-block with a 
ventricular rate of 40 and an auricular rate of 68 beats per minute, because ot 
his very marked generalized anasarca, it was thought advisable to try further dig- 
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italis medication. His weight Being 215 pounds, he was given S c.c. of tlie tincture 
of the drug on his admission. When seen two clays later, he was so clyspneic 
that the only way in which he could find comfort was by sitting across the bed witli 
his legs hanging over the side and his head bent over his chest. He was intensely 
cyanotic. His nose, lips, and ears were almost black. Because of the swelling of 
his face and neck, the superficial jugular veins were not visible. The ape.v impulse 
of the heart was neither visible nor palpable, and percussion of the cardiac outline 
was difficult because of the contour of his chest. The heart sounds were of poor 
quality, the first sound .at the apex being replaced almost entirely by a loud systolic 
murmur which was heard best near the apical region. The heart rate was rapid and 
totally irregular. It varied from minute to minute and averaged 98 beats per 
minute when counted over a prolonged period of time. At times on auscultiition 
there was definite bigeminal rhythm, and at other times there were groups of beats 
coming in pairs but irregularly spaced. At other times the irregularity' had the 
rhythm of a definite quadrigeminy. The pulse was of good qu.-ility and forceful. 
There was no deficit. The lungs were remarkably free from moisture. The ab- 



cuirr^ilbriimHnr 2-1. 1927. Complete heart-block. Auri- 

appearancp rw ’'*5® 9®"' ^.'^e^ages 10 beats per minute. Note the dis- 

record. ricular ari-hythmia. The voltage of QRS is lower than in previous 


domen was slightly swollen, and there was shifting dullness. The liver edge was 
clown to the level of the umbilicus and the legs were extremely swollen. 

rate ventricular 

coupliim ^ tendency to 

Theb volts e' ^ 0-20 sec. in duration and markedly notched. 

Lead I Tf the maximum being 12 mm. liigh in 

The venJeuTaV ^ to be seen in any of the leads. 

r rrrpra‘i“ -- -5 

showIa'^somT^^nr"'^°'^?-'^ adequate opiates, and in the next few days he 
nourishment. hI IS and abf comfortably and take 

edemaofthelegs petrld t ^«t the 

showed very clearly a ^ ^n August 24, 1927, the electrocardiogram 

clearly a complete heart-block, with a ventricular rate varying betleeu 
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38 cand 42. The voltage of the QES complexes -was distinctly lower and there were 
no e-\ndences of regular auricular activity which was now replaced by auricular 
fibrillation (Pig. 11). 

On September 7, 1927 almost one month after his admission, the patient was 
looking and feeling slightly better. Although his legs were swollen, he was able 
to eat and sleep comfortably and even asked to bo wheeled around in a chair 
for a while each day. On this day his rhythm was almost perfectly regular. His 
pulse rate was 40 and in the sitting position, with his head in slight dorsal ex- 
tension, it was possible to see the jugular pulsations in the interventricular silences. 
The electrocardiogram (Pig. 12) confirmed the regularity of the heart-block and in 
addition revealed the presence of a regular auricular rate at an average of 88 
beats per minute. The QES complexes were distinctly lower than at any other 
previous examination. 

The complete heart-block persisted with but very little variation in both the 
auricular and ventricular rate until he died from cardiac failure on November 27, 
1927. On the day of his death, the ventricular rate fell to about 10 beats per 
minute shortly before he expired. 



Fig-. 12. — Case 3. Ecg. 2814. Sept. 7, 1927. Complete iieart-block. Ventricular 
rate 40. Auricular rate 88. Note the auricules are regular now. Compare with 
previous record. 


Comment . — This patient with marked myocardial involvement was fol- 
lowed over a pieriod of two years. In the early stages of his illness he 
showed various degrees of block, but changes from one form of block 
to another were never accompanied by any Stokes-Adams seizures. 
A stage was reached in his illness ivlien the block became permanent, 
and he no longer responded effectively to any form of medication. 
Despite the variable changes in rhythm that he exhibited from partial 
to complete heart-block, the patient benefited considerably from the 
administration of digitalis for over one and a half years after he 
began to show signs of heart failure with decompensation. At no 
time after the establishment of complete heart-block Avas there noted 
any increase in the x’-entricular rate except aftei he had lecened 
digitalis in excess of the usual doses to Avhich he had been accustomed. 
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After the administration of 50 c.e. of the drug Avitlnn eight days, he 
developed an irregular acceleration of the ventricles noth auricular 
fibrillation. The ventricular irregularity disappeared within a few 
days, hut the fibrillation persisted for several weeks. : 


DISCUSSION 


An appreciation of the effects of any drug on the automatic beating 
ventricles in human beings must first take into account the inherent 
variability of the ventricles in complete heart-block as seen from day 
to day over a prolonged period of time. In summarizing such changes, 
Frey^® has called particular attention to the fact that many patients 
with complete heart-block exhibit spontaneous premature beats in the 
slow interventricular periods. Usually there is no compensatory pause 
following these. Sometimes the premature beats are interpolated, but 
compensatory pauses may be present. Infrequently, a complete ven- 
tricular cycle may drop out w’ith perfect regularit}'. The dominant 
beats of the ventricles may not be distin'bed by such omissions. Fur- 
thermore, there may be periodic reductions and increases in the fre- 
quency of the idioventricular contractions so that they seem to re- 
semble Luciani periods. These ai’e seen particularly in patients sub- 
ject to Stokes-Adams syndrome. For such reasons any study of the 
effects of digitalis on the rate of the ventricles in complete heart- 
block must be correlated with the antecedent rate and rhythm wliich 
the patient presents before the drug is used. Obviously if the pa- 
tient’s rate is very labile and varies from daj" to day, tliat amount of 
variability must be taken into consideration in judging the results 
produced by an effective dose of digitalis. 

In the three patients reported in tliis paper, the dominant ventricu- 
lar rate as counted over a i^rolonged period of several months during 
the presence of heart-block, never varied more than 10 beats per 
minute at any period. In all of the 3 patients spontaneous premature 
beats were recorded at some time during tlie course of tlieir illness. 
In 1 ease a single body-weight dose of digitalis caused the premature 
beats to disappear. In 2 patients the administration of a larger dose 
of digitalis than a body-iveight measure resulted, however, in the pro- 
duction of numerous premature beats of the ventricle arising from 
mu tiple foci. In the first case all of these disappeared as the dominant 
ven rieular rate increased from the toxic action of the drug. This is 
consistent with experimental findings ivhere it is constantly observed 

ventricle disappear when the ventricles 
emselves take on a higher rate than the inherent basic rate. 

thp^aEr^ It IS important to note hoiv closely the appearance of 

disturb^n^^ I’hythm in man may be compared ivith similar 

after of digitalis 

establishment of complete heart-block. For example, von 
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Egmond^^ lias tabulated from liis researches and from those of others 
a definite sequence of events folloiving the absorption of digitalis in 
complete heart-block. In the first stage, there are no irregularities. 
The idioventricular rhythm remains the same and it is slow. A second 
stage follows which is characterized by the appearance of premature 
beats in a dominant ventricular rhythm of relatively low rate. The 
frequenej^ of the ventricles may then increase suddenly to a very high 
rate which may be at first either regular or irregular, depending upon 
the amount of drug used. 

The auricles may also beat fast, or if the vagus is influenced by the 
drug they may beat slowly, but this is characteristic of the first stage 
only. The slowing of the auricles is frequently followed at such times 
by a change from complete heart-block to what appears as a partial 
2:1 heart-block or even a noimial rhythm.’^ But in man the features 
of an incomplete heart-block with 2:1 rhjdhm have been considered 
hitherto onlj^ apparent and the consequence of a fortuitous change 
of the auricular to the ventricular rate under the slowing of digitalis 
on the auricles.^' 

In 1 of our patients, hoAvever (Case 1) the change from complete 
heart-block to partial heart-block is not apparent but real, since the 
P-R interval preceeding the QRS complexes in the records showing 
partial heart-block are equal from beat to beat. Besides in this pa- 
tient during the stages of complete heart-block, pressure over the 
carotid artery in the neck resulted in no changes whatsoever in either 
the ventricular rate or rhythm, whereas ’ during the appearance of 
the partial heart-block both the auricles and ventricles were slowed 
by carotid pressure. The explanation for this unusual phenomenon 
is not clear. 

Nevertheless, an appreciation of these sudden changes in rate and 
rhjdhm during the administration of digitalis and the initiation of 
the abrupt forms of the ventricular tachycardias cannot be over- 
estimated in man, for they may be the first index of overdigitaliza- 
tion in patients with complete heart-block who are receiving the drug. 

A study of the electrocardiograms accompanying this report re- 
veals that the increase in the ventricular rate in already established 
complete heart-block as a result of digitalis may be one of several types. 

1. There may be a progressive uniform increase in the dominant 
rate of the ventricles independent of the presence of any premature 
beats. 

2. A further increase in the rate after it has already been aug- 
mented by digitalis may take place by a sudden change from com- 
plete heart-block to partial heart-block. Such a transition may be 
seen in the records of Case 1, Avhere the change in rate is also accom- 
panied by a change in rhythm Avhen a complete heart-block becomes 
a partial heart-block. 
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3 An mcrease of tlie ventricular rale may also occur from lUe 
stimulatiou of multiple ventricular foci, giving rise to premature 
beats. These may be single or in groups, forming a bigeminal, Irige- 
minal, or quadrigeminal rhythm. In some inslances the beats are in- 
terpolated while in others they may be superimposed on each other 
so as to bring the rate as high as 300 beats per minute at times. It 
is probable that ventricular fibrillation i.s the next ste]), although 
fortunately it has not been ob.servcd in our studies. 


DIGITALIS AND TUB DEVELOPMENT OF TRANSIENT AURICULAR 


FIBRILLATION 


IN COMPLETE HEART-BLOCK 


Transient auricular fibrillation was observed as a toxic manife.s- 
tation of digitalis administration in 2 patients with complete heart - 
block. In both patients the arrhythmia .set in suddenly and without 
the electrocardiographic evidence, recognition would have been im- 
possible. In one patient, the auricular irregularity wa.s ma.sked by 
the presence of premature beats, most of which were interpolated in 
groups (Case 2). Those disappeared after three days, the polygem- 
inal rhythm giving way to a trigeminal then to a bigmninal rhythm 
and finally to isolated premature ventricular beats and then to the 
dominant idioventricular rhythm. The seiiuenee of events in the other 
patient was somewhat similar, but the ventricular irregularity was 
due to stimulation of the idioventricular pacemaker rather than to 
multiple premature beats of the ventricle (Case 3). The auricles 
continued to fibrillate, however, in both cases for ai)]n’Oximaloly four 
and six weeks respectively. In the first patient, the intravenous ad- 
ministration of atropine sulphate, gr. 1/100, on the fourth day after 
the establishment of auricular fibrillation did not produce any changes 
in either rate or rhythm for one-half hour, during which time elec- 
trocardiograms were taken every five minutes. There were definite 
changes, however, in the initial deflections of the ventricular com- 
plexes at the end of the experiment, a phenomenon which had been 
observed in this patient prior to the administration of atropine. 

The auricular rate was greater in both patients following the dis- 
appearance of the fibrillation than it was before its onset. For ex- 
ample, in Case 2, the rate was 66 before and 82 after, whereas in 
ase 3, the rate was 69.3 before and 88 after. It seems evident that 
m oth cases digitalis ivas able to cause slowing of the auricular 

la e through vagal inhibition shortly before the appearance of auricu- 
lar fibrillation. 


That auricular fibrillation might be a toxic manifestation of dio-i- 
servp,^ ^o’^Piete heart-block has been- suspected by previous ob- 
PPLri ^vith complete heart-block who had been re- 

ng igitahs, Hewlett and Barringer® noted the disappearance of 
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the “a” wave from the jugular tracing and at first regarded the in- 
cident as a defect in technic, but the second disappearance from the 
apical tracing during a second course of the drug suggested to them 
that this may have been due to a ‘‘‘toxic weakening of auricular con- 
tractions.” The presence of an extrasystole on each occasion also 
suggested to them a toxic digitalis effect. Similarly Neuhoff^o studied 
graphically a patient with complete heart-block with a rhythmic ven- 
tricular rate of 35 and an auricular speed of 32 beats per minute, 
as demonstrated by polygraphie and electrocardiographic tracings. 
Through inadvertence on the part of the nurse, digitalis was admin- 
istered for several weeks, after having been ordered discontinued. 
The pulse then became arrhythmic. The auricular beats were no 
longer heard in the interventricular silences and extrasystoles, most 
of which were frustrated, were audible at the apex. Eegular recur- 
rent auricular waves could not be identified in the jugular tracings. 
Two weeks after digitalis was discontinued, heart-block was again 
present as shown by the electrocardiogram, and the auricular sounds 
•could be heard again. Prom the auscultatory evidence, from the 
absence of the auricular waves in the jugular tracing, and from the 
fact that digitalis poisoning sometimes induces auricular fibrillation 
and extrasystoles, it seemed probable to him that the polygraphic 
tracings represented heart-block, auricular fibrillation and ectopic 
beats, “a unique instance of digitalis poisoning in a patient with 
complete heart-block. ’ ’ 

In complete heart-block, the sudden simultaneous appearance of 
auricular fibrillation and premature beats, Avhether singly or in groups, 
during the administration of digitalis may be considered sufficient 
evidence that the onset of the irregularities was initiated by the 
drug.-^ The abruptness with which these rhythms set in Avithout any 
premonitoiy signs or symptoms, such as nausea and vomiting, or 
isolated iireniature beats, is b^^ no means rare in certain patients ivitli 
normal sinus rhythm.-- There is no reason Avhy it should not be seen 
in patients Avith complete heart-block. The important fact to re- 
member is that the onset of auricular fibrillation is a sign of exces- 
sive digitalization or digitalis hypersusceptibility, and it is to be 
used as an indication for the AvithdraAval of the drug. Very recently 
the possibility has been suggested-® that these patients really present 
aui’ieular standstill, as it is observed experimentally in animals AAdien 
too much of the drug is introduced rapidly intravenously. In human 
beings this is an exceedingly rare phenomenon, and even though the 
electrocardiograms sIioav no evidence of regular auricular actiAitj, 
there are other criteria that must be considered before making a 
diagnosis of complete standstill of the auricles. 



SCIlWAUTZ : ACTION’ OF 


IMOITALIS IN’ I’OMFLKTF. IlKAIfT-lU-OrK ‘I-'-* 


('ON'i’l.irSION’S 

1. Di-ntiilis in llun-aiMoHic doses may be of -rreal beneOl to })a- 
tients with complcle he.iH-bloek and liearl. failnre. '1 lie nnprmo- 
inentin these patients takes plaee tl.ron^dl the direct act uni ol digi- 
talis on the heart nm.sele and not through an aeeeleration of tin 
antoinatic beating vent rides. 

2. In 3 out of 8 patients witli eomplete, lieart-bloek studied at Die 
Montcfiore Hospital, the ventrienlar rate was inereased appreeiahly 
only after the administration of digitalis in doses larger than tliose 
commonly employed in therapeutics. 

3. The increase of the ventrienlar rate in eomphde heart-blod; 
during the ndmiuistratiou of digitalis is a toxic manifestation ol the 
drug, and hccausc of the undesirable effects calls for its inuuediate 
witlulrawal. 

4. Transient auricular fibrillation is another nianife.sfation of digi- 
talis intoxication in eomplete heart -block. 

5. Since it is difTicult to appreciate the various tyjies of to.vie 
rhythms that mauit'est (hcin.sdves in eoiii]de1e heart-bloclc during digi- 
talis therapy, it is advisable to preserihe tin' drug to .sndi patients, 
under careful graphic control. 
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THE INC’IDENC'E AND SKJNIEK’AXC’E OF El.ErTROi’AUDK). 
GIEUrS SHOWING THE FEATHHES OF 1>EFT AXIS 
DEVIATION AND QKS OF NORM AH DHUATIOX 
WITH INVERTED T, AND ri’KinilT TA 

Din:\v Hi:tkn', I\l.D.. and Edwaud Oirovn. IM.D. 

Saint Hoi.*is. 

C LTNIGAH evaluation of Iieart disease centers more and more 
around the question of the inte^n-ity of the myoeardinm. In hke 
jiianner tlie value of the el<'etroeardio<rram lias come to dej>end ehiidly 
upon the amount of information it <rives on lliis question. In the aji- 
plieation of electroeardiojrrajihy to the diafrnosis ot heart disease, 
therefore, chief int<*rest at present attaches to the lorm ol the veutricAi- 
lav complex. Full understanding' of all eonqionmits of th<‘ ventricular 
complex, however, has not heen reached, and as a eons(M)uenee ol this 
incompletene.ss. clinical interpretation of certain nhnormatities is still 
.somewhat equivocal. 

The factors which cause the electrical axis to deviate to the ri'rhl ot- 
to the left, and thus determim* the direction of the DRts complex are 
fairly well understood and are applied clinically with a (-(‘rtain nu'asure 
of exactness. But much uncertainty exists with ri'^rard to tin* 'I'-wave. 
Clinical interpretation of ehanpes in its form and direction, therefore, 
is still attended with considerable difficulty. Willius' and others have 
shown that inversion of the T-wav(> (except in Head 111) carries an 
unfavorable prognosis, and it has become customary to regard records 
which show such invor.sion as indicative of '‘myocarditis” (or drug 
etfeet). Little is known, however, of the exact pathological processes 
respon.sihle for the inver.sion. Not withstanding Ihi.s uncertainty, or 
perhaps because of it, there lias ari.sen a tendency to consider sepa- 
rately the T-wavc and the QRS comidex ratlier than to study both in 
their relationship to each other. It may well he (pie.stionod wliethcr 
thi.s .separate consideration of the initial and final ]diases of the von- 
tiieular complex has not impeded progre.s.s in reaching an understand- 
ing of it, particularly so far as (he T-wave, is concerned. 

As a cousequence of this separate consideration of the comiionents 
0 the^entiicular complex, and of the relatively more eomplete knowl- 
sege of the initial phase, it has been customary to diagnose records 
s loving the QRS complex upright in Lead I and downwardly deflected 
in ead ITT, with QRS of normal duration, as “left ventricular pre- 
_w^ance” or “left ventricular preponderance,” no matter what may 

oC HospUal WasliInRlon Unlver.Mil.v School 
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block in tke right limb- of the A-V bundle, it would ^PPear more rea- 
sonable to interpi-et the later records in this ease as repieseutmg def _ 
tive conductivity in the riglit limb of the bundle than to ascribe then 
shape to some other cause of left axis deviation. Such an interpreta- 



filectrocardiograms from the same patient. The first was made 
fourtlV V second, August 19, 1923 ; the third, August 24, 1923, and the 

Note tbo+hi The first two are indicative of right bundle-branch block, 

records'^^ relationship of the T-wave to the QRS complex is the same in all four 

tion is the onty one which alone accounts for both the left axis devia- 
tion and the direction of the T-waves. 

If impaired conductivity in the right branch of the A-V bundle, 
inthei than relative left ventricular hypertrophy or other cause of left 
‘>xis deviation, is the correct interpretation of the third and fonrtli 
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records in Fig. 3, the same interpretation may well apply to other such 
electrocardiograms obtained in cases in which right bundle-braiicli 
block has not previously been demonstrated. Records of this type and 
those showing right bundle-branch block may be expressions of the 
same process, which differs only in degree in the two instances. If so, 
the progress of heart disease in such a case might, on occasion, be fol- 
lowed electrocardiographically from the stage of delayed conduction 
in the right branch of the bundle to the stage of complete block in this 
branch. Electrocardiograms Avhich give such a record of the progress 
of heart disease in a patient are shown in Pig. 4. 

The patient in this ease, a man fifty-four years old, had had hyper- 
tension for years. At the time of the first record, iMay 3, 1927, he had 
had few symptoms directly referable to his heart. In August, 1927, he 



Fig. 4. — Two electrocardiograms from the same patient. The first record, made 
Mav 3, 1927, indicates defective conduction in the right bundle-branch. The second 
record, made October 25. 1927, shows right bundle-branch block. (Extraneous alter- 
nating current somewhat distorts the second record.) 

had dyspnea, edema, and enlargement of the liver. The next recoid, 
October 25, 1927, shows right bundle-branch block. Subsequent iTC- 
ords showed that the block persisted. This case offers additional clun- 
eal evidence that records conforming to the type described in the title 
represent impairment of conductivity in the right limb of the A-V 
bundle. It lends weight also to the suggestion just advanced that rec- 
ords of this type and those showing right bundle-branch block repre- 
sent only different degrees of the same pathological process, and have, 
therefore, the same significance from the standpoint of etiological 
diagnosis. 

The question Avhether these electrocardiograms do in fact represent 
defective rio'ht bundle-branch conduction is, of necessity, closely le 
lated to the “question of etiology. What is the pathological process in 
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tlie bundle that is responsible i'or tbo impainnenl of coiuluelivity ’ Is 
it the same in all, or at any rate in most, cases? An invest i<rat ion of 
the significance of electrocanliogranis of this ty])e, therefore, involves 
tu'o phases. First, an analysis sUouUl be made of all cases in •wliidi 
they occur in order to determine \vbctber the eases present certain 
features in common. The results obtained from this study of incidence 
should then be applied to the question of imimirmenl of conductivity. 
If certain fcatiu'os are indeed found to be constant, these should be 
investigated to see mbetber they might imply a conduction delect in 
the right limb of the A-V biindle. 

It appeared to one of us that the incidence of these eleetrocardio- 
grams is confined almost exclusively to cases of arteriosclerotic heart 
disease and hypertensive heart disease.'" Tin* primary olijeet of onr 
paper is to test the accuracy of that inpu't'.ssion : to determine in fact, 
whatever their expla^^ation. whether any eommon finding attends their 
incidence. The second ob.ieet has be(*n to apjily the data thus acquired 
to the problem of defective conduction; to determine whether sueh 
data might indicate a jmthologieal process of sneh eharacter as to 
impair coiuluetivity in the right branch of the A-V bundle. 


METllOn OF STl'OY 

All eloetvocardiograms of the type described were withdrawn from 
our files. The criteria adhered to in the seh'ction of records were the 
following ; QRlit deflection upright in Ijcad 1. downwardly directed 
in Lead IIT ; T-wave inverted or dijihasic in Lead 1. njiright in Tn*ad 
III; duration of QRS complex le.ss Ilian 0.10 second. 'I’lie corresimnd- 
ing case histories were obtained and the following data notml: Age; 
sex; IrVassennaim reaction; highest systolic blood pressure; lowe.sl 
diastolic blood pressure; all diagnoses both jirimary and sccoudary; 
uhether or not there was a diagnosis of any cardiac abnormality; type 
of heart disea.se ;t evidence of any degree of Inuirt failure (past or 
present) ; evidence of cardiac enlargement ; evidence of arterial sclero- 
sis and condition ot coronary arteries at autoji.sy. 


UIi.su LT.S 


There were 237 eases. The re.snlts arc .shown in Table.s I, II and III. 
n 128 cases the electrocardiogram .showed the T-wavc completely in- 
verted in Lead I, -while in the remaining 109 cases the T-wave wa.s 
less diphasic in the fir.st lead. 

with records correct ■\voulcl at once nssoclate them closolv 

therefore, to the SnccnUon^?hot find wouM lend .still further evidence. 

^ trn the case f ^ ^ pathological process, 

fleation In our histories which ante-dated the adoption of ollolofrical c]ns<!l. 

possible frormo'cfaUlntlm^^^^^^ BVipK^'^rUlras 
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Ilieie were 150 males and 87 females, 
number of each sex that fall iu each decade, 
subdivided on the basis of sex. 


The age table shoAvs the 
Ihe other tables are not 


Table I 

Showing the grouping of cases according to age and according to blood pressure. 


AGE 


YEARS 

NUAIBER OF CASES 
MALE FEMALE BOTH 

Above 69 

16 

10 

26 

60-69 

34 

13 

47 

50-59 

51 

29 

80 

40-49 

36 

IS 

54 

30-39 

10 

13 

23 

20-39 

2 

1 

3 

Under 20 

1 

0 

1 

No data 

0 

3 

3 

Total 

150 

87 

237 


BLOOD PEESSORE 


1 highest 
SYSTOLIC 

NUMBER 

OP CASES 

LOAVEST 

DIASTOLIC 

nujiber 

OF CASES 

Above 249 

22 

Above 149 

9 

200-249 

85 

125-149 

38 

170-199 

54 

100-124 

63 

160-169 

15 

90- 99 

31 

150-159 

16 

80- 89 

27 

140-149 

11 

70- 79 

18 

130-139 

11 

Under 70 

39 

Under 130 

14 

No data 

12 

No data 

9 



Total 

237 

Total 

237 


Table II 

Showing the number of cases with and without: (a) arterial sclerosis, (b) 
cardiac diagnosis as principal diagnosis, (c) cardiac diagnosis as either principal 
or secondary diagnosis, (d) evidence of any degree of cardiac insuflSciency, (e) 
any evidence of hj’pertrophy. 



arterial 

SCLEROSIS 

AVAS princi- 
pal DIAGNOSIS 
A “cardiac 

diagnosis”? 

did diagnoses 
(principal and 

SECONDARY) IN- 
CLUDE A “CARDI- 
AC diagnosis”? 

WAS THERE EV- 
IDENCE (PAST or' 
present) op CAR- 
DIAC INSUF- 
FICIENCY? 

AVAS THERE 
ANY EA'IDENCE 
OP HYPER- 
TROPHY? 

Yes 




131 

207 

No 




100 

23 

No data 




6 

7 


Table III 
Diagnosis 234 

Showing division of cases into “Cardiac” and “No cardiac” groups, according 
to diagnoses on case history. Tlie cardiac group is subdivided according to the 
type of heart disease. The non-cardiac group is subdivided according to whether 
or not a diagnosis of arterial sclerosis or hjTiertension appeared on the case history 
Diagnoses in both groups above tlie dotted line carry more or less suspicion of 
coronary disease. 


A 



B 


CARDIAC 



NO CARDIAC 


132 



102 



Arteriosclerotic | 
Hypertensive /■ 

Angina 

A 

1 



100 1 

( 

1 

) 125 

AVith : liypertension 

arterial sclerosis 

96 (100) 

Syphilitic / 

25 

1 



Aneurysm \ 






Kheumatic 

Bac. endocarditis 
Thyroid 

' I 
1 ; 

. 7 

AVithout : hypertension 

arterial sclerosis 

6 ( 2) 
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COMMENT 

It will be observed at once that these electrocardiograms were 

found in people of middle age and beyond. Only 4 of the 234, whose 
ages were recorded, were under thirty years of age. Only 11 were less 
than thirty-five. 

Blood Pressure . — These patients had hypertension. In 89 per cent 
of cases the systolic blood pressure at some time was recorded at least 
as high as 139 mm. In TO per cent a reading at least as high as 170 
mm. was recorded, while in 46.9 per cent a reading of 200 mm. or 
higher was found. The diastolic blood pressure was never recorded 
below 100 in 48 per cent of the cases. It was never below 80 in 74 per 
cent. The relatively large number with a diastolic pressure below' 70 
includes 25 patients w’ith syphilis of the heart or aorta and tw'o pa- 
tients Avith rheumatic heart disease. 

Arterial Sclerosis . — Arterial sclerosis was charactei'istic of these pa- 
tients. In relatively fciv instances w’as an cyeground examination by 
a practiced ophthalmologist recorded, yet routine phy.sieal examina- 
tion disclosed evidence of sclerosis in 78 per cent of the cases. 

Cardiac Diagnosis . — In only 41 per cent of all cases ivas the principal 
diagnosis one relating to the heart or the aorta. Including all re- 
corded diagnoses, both primary and secondary, a "cardiac diagnosis” 
oeeurrecl in only 132 cases (56 per cent). 

Type of Heart Disease . — It is extremely interesting to note that of 
the 132 cases shoiving a cardiac diagnosis one hundred w’ere cases of 
arteriosclerotic heart disease, hypertensive heart disease or angina 
pectoris; tiventy-five wmre cases of syphilitic heart disease or aneu- 
rysm; Avhile there wmre only five cases of rheumatic heart disease, one 
of tli3a’oid heart disease, and one of bacterial endocarditis. In 125 of 
the 132 eases, then, there ivas more or less evidence (direct or implied) 
of some sort of coronary lesion. 

Gases With no Cardiac Diagnosis . — Of the remaining 102 patients, 
those who had no cardiac diagmosis, there ivere only six in whose cases 
neither artei-ial sclerosis nor hypertension ivas diagnosed. In these six 
cases indeed no secondary diagnoses w'ere recorded; the patients’ ages 
ranged from forty-five to sixty-three years. The case histories gave 
evi ence of sclerosis in three of the six cases; in another the blood 
pressure was 240/130 mm. The patients wdiose electrocardiograms are 
0 le type under discussion and wdio give, at the same time, f eiv clini- 
ca evidences of heart disease, have, then, almost wdthout exception 
arterial sclerosis, hypertension or both. 

c Thus it will be seen that coronary disease or some disease wdiieli 

suspicion of coronary involvement occurs 

s -without exception in the patients wdio presented electrocardio- 
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grams of this type. Tliis is true whether examination gave enou-l, 
evidence of heart disease to warrant a cardiac diagnosis or not. 

Deeompmsatio».-ln 43 eases, or 18 per cent, there was a diagnosis 
o± deconipensation. Study of tlie histories indicated that some degree 
of cardiac insufficiency either had existed or was present in 88 of the 
remaining eases, thus bringing tlie total of those with past or present 
evidence of some degree of cardiac insufficiency to 131 eases (56 per 
cent) . 

Hypertrophy . — This was diagnosed in 110 cases, 48 per cent. In 97 
additional cases it was thought likely, from the incomplete records avail- 
able, that some degree of enlargement existed. An attempt to say 
whether or not the heart is enlarged, without complete data including 
the Aveight of the patient, the shape of the chest and a teleroentgeno- 
gram, must be, of course, only a rough estimate in many cases. It is 
Avell known, however, that cardiac enlargement is one of the most 
constant accompaniments of all types of chronic heart disease. 

Autopsy Findings. — Unfoidunately'- there Avere records of post- 
mortem examination in only seA'en cases. It is notable, hoAvever, that 
coronary disease Avas found AAuthout exeei^tion in these seven in- 
stances. 

Bheumatic Heart Disease. — This Avas conspicuous by its rarity. 
There Avere only five cases. One of these Avas tliat of a man forty-tAvo 
y^ears of age in Avhose case autopsy showed sclerosis of the coronary 
arteries. 

SUMMARY OF RESULTS 


Incidence. — Le.ss than half of these patients presented themseh’-es on 
account of symptoms referable to their liearts. In a considerable num- 
ber of the others, hoAvever, examination and history discovered evi- 
dence of heart disease. But the total number of cases Avith a cardiac 
diagnosis (both principal and seeondaiy) Avas only a little larger 
than the number Avithout such a diagnosis. Only about half of the 
patients gave eAudence of any degree of cardiac insufficiency. One 
factor, hoAvever, Avas practically constant. The incidence of these 
electrocardiograms Avas found to be confined almost exclusively to 
patients Avho had arterial disease or some other disease AAdiich brought 
the coronary arteries under suspicion. Investigation of their inci- 
dence, therefore, gives strong indication that coronary disease is le- 
sponsible for the particular form AAdiich they assume. 

RELATIONSHIP OP ETIOLOGICAL FACTORS TO THE QUESTION OP 
DELAYED CONDUCTION 


There remains for consideration the application of the flndmg of 
.ronary disease in the incidence of these records to the question o 
ipairment of eondnetivity in tlie right limh of tlie A-V bundle. 
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is well known, of course, that interference with the blood supply to 
the main stem of the A-V bundle, or to either limb, may impair con- 
ductivity in the affected part. Other lesions may produce the same 
result. The above findings, however, indicate that coronary disease 
is by far the commonest cause of such impairment in the right limb. 
Other considerations have an intimate bearing on the problem. The 
characteristic incidence of electrocardiograms showing bundle-branch 
block is in patients with coronary disease. It is well known that 
complete absence of conductivity in one branch of the bundle (bundle- 
branch block) occurs in the right limb with much greater frequency 
than in the left. Lesser defects in conductivity due to the same 
process would be expected to occur in somewhat the same ratio, be- 
tween the right and the left limbs, as do instances of complete block. 
Such, indeed, appears to be the case. Investigation by one of us shows 
that the records in our files which might be taken to indicate impair- 
ment of conductivity in the left limb of the A-V bundle are in fact 
relatively quite rare among patients in the older age groups. Just 
how the right branch of the A-V bundle might be expected to suffer 
more frequently than the left branch, as a result of coronary disease, 
is at once apparent upon consideration of the arterial distribution 
to the two main limbs of the bundle. Gross-'* has shown that the right 
limb is invariably supplied by a branch from only one of the main 
coronary arteries, the left; while the septal part of the left limb of 
the bundle is usually (92 per cent of cases) supplied by branches 
from both the right and left coronaries. In only 8 per cent of eases 
is the septal part of the left limb supplied by a branch from only 
one coronary, the left. In cases of coronary disease, therefore, affect- 
ing principally the right coronary, the right limb of the A-V bundle 
would not suffer. Neither would the left limb suffer materially, for 
it always derives at least a part of its blood supply from the left 
coionmy. In arterial disease affecting the left coronary, hovvmver, 
the right limb of the bundle would inv'ariablj^ suffer to a greater 
m less extent. In most such cases of left coronary disease (92 per 
cent)^ the impairment of the conducting system ivoulcl he limited to 
te right hranch; -while in a small number of such cases (8 per cent) 
impairment would obtain also in the left branch of the A-V bundle, 
ssuming^ that the principal lesion of coronary disease is as likely 
occur in one coronary as in the other, the ratio of incidence of 
con uetion defects of all degrees, due to arterial disease, in the right 

bundle to the incidence of such defects in the 
branch, therefore, would be in the ratio of 92:8. 

bunm uumber of electrocardiograms indicative of right 

bran T number of records indicative of left bundle- 

cord! R is considerably higher than 92 :8. This ac- 

0 1 with the theory of bundle-branch block as expressed by 
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he electrocardiogram and with the above explanation of such block 
^lock m one of the branches of the A-V bundle can be exhibited in 
the electrocardiogram only when conduction is maintained in the 
other branch. For if neither branch were able to transmit an im- 
pulse, the resulting electrocardiogram would exhibit, not block in 
one branch of the bundle, but complete A-V block. In that small 
group of cases (8 per cent) in which the left coronary alone supplies 
both the right and left branches of the bundle, instances must occur 
in which conduction suffers equally in the two branches. The electro- 
cardiogram in such cases obviously will not express the defect in the 
left branch alone. This reduces the number of electrocardiograms 
which might show left bundle-branch block, and also the number 
which might show lesser degrees of impairment in the left branch. 
The result, therefore, is that the ratio of such recoi-ds to those which 
show impairment in the right limb is lower than the arterial distribu- 
tion might seem, at first thought, to indicate. In less than 8 per cent 
of cases of left coronary disease, then, will the electrocardiogram 
show defective conduction in the left bundle branch, while in more 
than 92 per cent of such cases will it show a conduction defect in the 
right branch. It follows, therefore, that not only does arterial dis- 
ease offer ready explanation of impairment of conductivity, but the 
arterial distribution to the branches of the A-V conducting system 
also explains the higher incidence of this impairment in the right 
limb of the bundle. 

Since hypertrophy (presumably of the left ventricle more than of 
the right) was found to be characteristic of these cases, it might he 
contended that these electrocardiograms express merely “left ven- 
tricular hypertrophy.” We do not maintain that relative preponder- 
ance of left muscle mass is not one of the causes of left axis deviation. 
But it is not the only cause. And it leaves unexplained the charac- 
teristic relationship of the T-wave to the initial deflection of the 
ventricular complex in those instances of left axis deviation with 
which our paper deals. We make no attempt to offer an explanation 
of causes underlying the changes in electrical potential that produce 
the T-wave, but we emphasize the fact that in this particular type 
of electrocardiogram the relationship of the QRS complex to the 
T-wave is that of defective right bundle-branch conduction. Since 
this also is one of the causes of left axis deviation, and since the 
study of our eases indicates the occurrence of a constant factor that 
would be expected to impair conductivity in the right limb of the 
bundle, the evidence is very great that defective right bundle-branc i 
conduction rather than some other cause of left axis deviation is 
responsible for the particular shape which these electrocardiograms 

assume. 
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SUMAIARY AND OONCEUSIONS 

The incidence of electroeardiogranis showing left axis deviation 
and QRS of nomal duration, with inverted and upright Tg, is 
confined almost exclusively’’ to patients who exhibit either coronary’ 
diseases or some other disease ivhieh makes the presence of coronary 

involvement more or less probable. 

Experimental and clinical data strongly indicate that these electro- 
cardiograms represent impairment of conductivity in the right limb 
of the A-Y bundle. 

Consideration of the arterial distribution to the limbs of the bundle 
makes it appear highly probable that the conduction defect is induced 
by the concomitant vascular process. 

Vascular lesions may be of sufficient consequence to produce such 
conduction defects, and electrocardiograms of this type, therefore, 
may be recorded before other important evidences of cardiac involve- 
ment become apparent. 

The question of the influence of digitalis on tlic shape of these electrocardio- 
grams, particularly so far as it concerns the inverted T-wave in Lead I, deserves 
comment. It is veil known that digitalis produces inversion of the T-\Yavo. It 
does not, however, in normal electrocardiogi’ains, lower T, and, at the same time, 
elevate T,. There is much evidence that it depresses conductivity in the bundle- 
branches. In cases of defective right bundlc-br-anch conduction, therefore, such 
a defect might easily be increased by the drug, the characteristic electrocardiographic 
features being accentuated, T, becoming deeper and T, becoming higher. We have 
observed such results in some of our cases. Many of our patients had had 
digitalis at the time of their first electrocai’diogram, many had not. Just how 
far digitalis may have accentuated the characteristic features in some of these 
records we have not attempted to determine. The importance of doing so would 
appear to hear only on the question of the extent of digitalis action on bundle- 
hranch conduction, for it would appear extremely unlikely that the drug could 
produce such a defect in cases in which no impairment already e.xisted. The 
defect in right bundle-branch eoiiduction shown in our records, therefore, while 
accentuated by digitalis in some instances, pcrhaios, depends even in such cases 
primarily on a pathological process, and is not produced by the drug. 

This conclusion is further strengthened by tl>e following consideration; Digitalis 
lac been administered, not only to the pratients whose electrocardiograms we studied, 
ra also to the patients wliose records did not meet the criteria for selection, in 
\va ^ same iraoportion of cases. Yet our study shows that it 

on \ in those patients with evidence of arterial disease that electrocardiograms 
re recorded which showed the exact relationship of QRS to T complexes indicative 
charict primavy effect of digitalis in producing the 

unlike! of these electrocardiograms, therefore, would appear to be very 
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THE PRE-EMPLOYJiIBNT EXAMINATION OF THE CAEDIAC 

WORKEB«= 

' C. H. Watson, M.D. 

New York, N. Y. ^ 

•^HB examination of the prospective employee made its appearance 
m industry some years ago and chiefly in tiiose industries where 
there existed important hazards with reference to other persons out- 
side of the business : such industries, for example, as railroads, street 
railway companies, operators of public conveyances, and other forms 
of service or industry where numbers of pei'sons might be subject to 
the I'esults of the acts of employees of the company rendering the 
service. From that point the examination of the prospective employee 
has gradually spread throughout the industrial world; doubtless re- 
ceiving, in part, its impulse through the various forms of benefit and 
relief payment plans as well as from the various state compensation 
laws. And now we believe that the pre-employment examination has a 
definite place in industry, not as is often assumed for the purpose of 
eliminating the unfit, but for the purpose of a physical appraisal of the 
personnel so that the employer may know the physical “status quo” 
of the additions to his force. 

Theoreticallj’’, the physical examination for employment should ex- 
clude only those members of society who through their physical con- 
dition constitute a hazard to themselves, to others or to property or 
service. The pre-employment examination should have for its purpose 
the recoguitiou, the evaluation, and cataloguing of the several accept- 
able physical impairments of the individual and his allocation in the 
business according to the phj^sical abilities to perform, as determined 
by the several impairments found. Under such a plan the number of 
rejections under ordinary conditions should he relatively few, and, 
furthermore, industry through its attitude toAvard the pre-employment 
group would be making a real contribution to public health in keeping 
AAuth our present knoArdedge of social economies. There are times, 
hoAvever, AA^hen pre-employment rejections may become relath^ely nu- 
merous ; such conditions as a very abundant labor market Avhere it is 
easy to imagine that an industry in its physical examination plant 
Avould he obliged to pick and choose logically. Under such circum- 
stances, it is only natural to expect that the standard of their physical 
requii'ements AVOAild he raised, and out of a large numhei of appliean^ 
selection made of those best suited physically for employment. Tins 
foregoing policy with reference to pre-employment examination ap- 

«'From me office of the Medical Director, American Telephone and Telegi’aph Com- 

at the Annual Meeting of the American Heart Association, New Tork, N. Y- 
Feb. 4, 1929. 
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plies with equal force when we come to consider the eardmc applicant. 
It is a fact that at present in many industries, the cardiac applicant, 
no matter what form of disease may be present, is considered ‘‘persona 
non grata,” idealistic pre-employment examinations notwithstanding. 
This possibly may be due to several factors : 

First, the time element. For economic reasons, the pre-employment 
examination must necessarily be brief. The time allotted to the avei- 
age industrial plant examination is so short that a careful study of an 
abnormal heart cannot be made in every instance. Thus, quite general 
rejections where prominent impairments of any sort are found. 

Second, the ability of the examiner. It is a recognized fact that the 
major portion of those concerned in pre-employment physical examina- 
tions are not skilled to the degree of deciding ivhether or not, based 
on their findings, they should or should not recommend the employ- 
ment of a given cardiac applicant. Thus, quite often in the industi’ial 
medical department the examiner through lack of time, plus no small 
degree of ignorance, fails to make his contribution. 

the compensation laws 

Industry is not altogether to be blamed for the unfortunate attitude 
which it has taken toward the prospective employee wdth a cardiac 
condition. It must be admitted that employers in certain states are 
prejudiced against the cardiac applicant no matter what the tyiie. As 
the compensation commissions go more and more into the considera- 
tion of the accident problems rising out of or in the course of employ- 
ment, they see many instances ivhere, though on doubtful bases, they 
feel compelled to render decisions against employers, because of 'what 
they may consider as aggravated, predisposing cardiac causes to cer- 
tain accidents. If, on the other hand, the industry has a definite 
record of the cardiac standing of a particular employee, and at the 
same time has a record of the type, duration, and supervision of the 
employment, there is then in the possession of the employer real evi- 
dence to be presented if at any time these cases as the result of acci- 
dent come to the attention of the local commissions. Such evidence 
should be of value to commissions and assist them in arriving at de- 
cisions as to compensation. 

COMPANY OR PARTICIPATING PLANS FOR SICKNESS RELIEF 

hai^ iudustries of the present day where personnel problems 
for bp ^ m out along sound sociological lines, there exist plans 

who pensions. If individuals are accepted for employment 

withiif'''^ eardiae impairments showing signs of inevitable catastrophe 
comnanv would be poor business to expend 

justifialP + expensive^ training. It would likewise hardly be 

Again ° receive sickness benefit payments. 

’ 1 IS a fact of experience that persons ivith certain cardiac 
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lesious when they become the subject of acute infectious disease Jiave 

long convalescence periods and are more liable to have eomnl'ieated 
results. 

JOB PREPARATION 

In some industries before a prospective emplo.vee can qualify to a 
normal productive capacity, there exists a rather intensive training 
period. This interjects ofttimes an unlooked-for feature in employ- 
ment where the effort involved may be all out of proportion to that 
necessary after the final job assignment is made. Meanwhile, our 
cardiac applicant is an employee, perhaps on probation, if you please, 
but nevertheless he is an unusual liability in a double sense; first, that 
growing out of the temporary but unusual nature of the employment 
and, second, because of the necessarily costly nature of the instruction 
during the training period. 

If it were possible to accept the major portion of those suffering 
from cardiac disease, who are in a position to go to the employment 
office and apply for a job, there would be an opportunity to render 
a service to the community, in that the industry thereby would accept 
its own proportion of the community’s social responsibility. It would 
likewdse be to the advantage of the acceptable cardiac worker, because 
such an individual immediatelj’’ would have an opportunity to gain 
confidence in himself, which, if he has been considered a cardiac ap- 
plicant for a few months and during that time lias applied for em- 
ployment, he has had many opportunities to have it shaken. Further- 
more, in those industries maintaining medical departments, there is 
presented an opportunity for medical supervision to the extent of 
seeing that the job allotted fits into the sphere of Avhat is acknowl- 
edged as a proper one for the given cardiac impairment. This super- 
vision may also he exercised to the extent of insisting that the em- 
ployee at proper times consult a capable family physician or resort 
to a well-conducted cardiac clinic. 

The cardiac emplo 3 ''ee is an economic problem and if industry main- 
tains the same attitude of stringency to-ward all cardiac employees, 
there is going to be progressive economic loss due to wastage of 
utilizable talent. The statement that there are two million people 
wuth heart disease in the United States is without doubt conservative. 
The wmrtime draft examinations rejected 42.3 men out of every thou- 
sand because of heart disease. Of this large number, it wmuld be 
logical to say that at least 50 per cent are employable in some capacity 

or other. . 

The cardiac individual wdio some time in his career has the label 

“cardiac” tied to him is a poor advertisement for himself. He per- 
haps too often becomes afflicted with a certain mental twist wherehy 
he is naturally disinclined to do those things which he either thinks 
or has been told wall damage his already damaged heart. As a resu , 
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there is a timidity and a tendency toward introspection and the 
avoidance of physical eifort which ofttiines may be out of proportion 
to the actual cardiac state present. He then puts himscli at once in 
a compromising position. 

In fairness to industry, cardiac employees must alway.s be consid- 
ered for special or modified employment and, when consideimd from 
the standpoint of industry, they may be roughly divided into two 

groups : 

First, those who can work without discomfort, and second, those 

who cannot work without discomfort. 

Under this latter heading there need be no further .subdivision, as 
industry aside from the medieal standpoint cannot and should not 
be concerned with them. 

Under the division of those who can work, we may make a number 
of artificial classifications : 

1. Those who can work full time. 

2. Those who can work on some individually determined limited 
time bases. 

It may be possible under those classified as full time cardiac em- 
ployees to subdivide still further this group under : 

a. Those capable of working under conditions of ordinary limited 
physical or mental strain. 

b. Those capable of working only under specially determined 
limited physical or mental strain. 

In the group of individuals working under limited time, the sub- 
divisions may be practically the same as those classified under full 
time cardiac employees. 

In determining the acceptability of a given cardiac applicant, either 
on a full time or on a limited time basis, the clinical signs necessarily 
center about a few easily determined factors: first, the history with 
leference to the cause of the cardiac condition; and second, the his- 
toiy with z’efereuce to the result of the cardiac condition (in other 
words, the compensation history). 

A lather brief physical survey may show both physical and auditory 
si^ns of what seems to he a present or prevdons decompensation eatas- 
lopie. To make this somewhat more explicit, there is not so much 
mmmative information to be obtained througli an auscultatory 
examination, hi view of the fact that the ordinary examiner is not in 
position to form an opinion with reference to employability based 
port'^ lesion indicated by the cardiac sounds. Of more im- 

follo^^’^^ fwiietional phenomena, such as shortness of breath 

menr^^^a exercise, cyanosis of the lips and ears, enlarge- 

sigiis superficial vessels, peripheral edema, and other 

in a decompensation is ivell under way or may be 

>e piocess of subsidence. In determining the employment of a 
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given cardiac applicant, these general physical indices should be taken 
into account together with the character of the reestablished com- 
pensation, in order to decide, first, whether the compensation has 
been brought about with no functional residues, and second, if there 
still exists evidence in the compensation of functional residues. 

How employable a prospective employee may be, as based on eoim 
pensation breaks, may in a measure, rest on the number of times and 
the character of each pre-existing breakdown of the compensation, 
together with the intervening rehabilitation time. 

My own impression would be that in an individual of questionable 
general physique who gives a history, or in whom in the course of a 
physical examination there exist evidences of two or more breaks, 
the question of emiiloyment should be deferred, perhaps to come up 
for reconsideration after the lapse of a reasonable period of time. 
Dogmatic finality should be avoided as far as 2iossible, as these in- 
dividuals need encouragement at every turn. 

The cardiac applicant should also be appraised as to the amount 
of psychical damage that has grown out of his experience with the 
cardiac impairment. Manj’- such individuals are psychoneurotic to a 
pronounced degree. Such cases can become a serious drain on in- 
dustry through absenteeism because of occasional real and more often 
imaginaiy indisposition. Except in instances where such individuals 
can have more or less solitary employment, they may become real 
problems to their superiors, due to the effect on the morale of the 
rest of the group among which they may be working. It is humanly 
impossible over any extended period of time, in spite of real sympathy 
and charity in judgment, to overcome a certain element of resentment 
on the jiart of other employees who are witnesses to these necessary 
breakdowns in departmental routine. Furthermore, certain cardiac 
workers, when the victims of some acute disease process, become a 
further problem because of the mai’ked extension in convalescence time. 

In planning a program of pre-employment examinations, there are a 
number of factors to be considered, and it must be remembered that 
in an industry each new departure will be conducted along definite 
economical lines. Throughout industry in general, the funds avail- 
able for the employment of physicians as examiners will not permit 
medical departments to hire experts in cardiac diagnosis or, indeed, 
little talent that could be classed as expert. Furthermore, the ques- 
tion of time allotment for an examination will sooner or later loom on 
the horizon and as medical work grows in any given industry, the 
various steps of the pre-employment examinatmn and even the periodic 
examination will have allotted to it a time limit, not rigid of course, 
but indicating to the medical employee that he likewise must produce 
and get his product out with a certain amount of celerity. It will thus 
be seen that, in tlie course of an average pre-employment examination, 



WATSON: EXAMINATION OP THE CARDIAC WORKER ' 

there will probably be from five to ten minutes spent on the heart 
examination and then only upon evidence of unusual cardiac pathol- 
ogy. Thus it is easy to see that the average physical appraisal ot an 
applicant for employment who has cardiac disease must of necessity 
be superficial in the extreme, because of lack of special diagnostic 
skill, of lack of time, and of lack, if you please, of interest in tiie 
question of the pathology present (since to the average examiner sue i 
a case is not a personal patient or even an object of much concern}. 

The decision for or against employment must be based on a com- 
posite cardiac iiicture consisting of : 

1. A few hard and fast rules governing the actual heart examination. 

2. A brief psychical appraisal. 

3. The history or evidence of present or recent decompensation. 

4. The establishment of the fact that the applicant ha.s or has not 
complied with clinical requirements regarding the elimination of sites 
of focal infection. 

Once having determined that a given applicant for employment has 
cardiac disease, there are certain examination facts which will de- 
cide against recommendation for employment and these may be listed 
as follows : 

1. Inspection signs of cardiac disease and accompanying decom- 
pensation or phenomena of endocrine dyscrasia. 

2. Any diastolic inurmnr or thrill. 

3. Auricnlar fibrillation. 

4. A rate, after rest, that is persistently above 90 or below 50 or a 
pulsus alternans. 

5. Paroxysmal tachycai'dia. 

6. A persistent systolic blood pressure, in adults up to forty years 
of age, of 160 or more, or of 100 or below after complete horizontal 
rest for ten minutes. 

An individual with cardiac disease to be em 3 ilo.yable under a special 
assignment schedule, as previously stated, should present no gross 
inspection signs of cardiac disease or decompensation following simple 
exercise functional tests. The cardiac mtirmnr present should not be 
tiansmitted into the neck. Where pulse intermittency exists, it should 
e the result of extrasystoles and should not he accompanied bj’’ a 
palpable thrill or tumultuous impulse in the area of the apex beat, 
le rate should be within normal limits. 

These few clinical data should be easily elicited by the average man 
I omg medical department pre-employment examinations. It is felt 
t a the exclusion of those handicapped to the extent indicated in 
nonaeceptable requirements would constitute a hazard in any form 
rest^f standpoint of affecting the morale of the 

tlm n own and others health or safety, and through 

nari to the product or service of the particular 

the industry in which they desired to he employed. 



MORTALITY AND MORBIDITY FROM HEART DISEASE UNDER 
INDUSTRIAL AND GROUP INSURANCE 


\ Wade Wright,* M.D. 
New York, N. Y. 


TTEART disease and limitation of eajpacity for physical exertion are 
so closely associated, and heart disease may be so aggravated by 
physical exertion that it might quite naturally be assumed that the 
interrelations of heart disease and occupation would be reflected in 
high mortality rates in at least a considerable number of occupational 
groups. There is little evidence, however, that such excessive occupa- 
tional mortality exists. 

This is a matter of particular interest when it is remembered that 
heart disease is foremost among the causes of death. In striking con- 
trast stand pulmonary tuberculosis, pneumonia and accidents, all of 
which display’’ clearly the influence of occupation upon mortality rates. 

Tuberculosis is the cause of grossly excessive mortality among such 
workers exposed to silicious dusts as hard rock miners, pottery work- 
ers, stone cutters and grinders and among such workers as waiters, 
cigar makers, laundry workers and printers (see Tables I and VI). 

Pneumonia causes a still more marked excessive mortality among 
iron foundry workers, cordage workers, metal polishers, miners and 
steel workers. 

Deaths from accident are more readily associated with occupation, 
and the very high death rates from accidental violence among electric 
linemen, railway workers, coal miners, structural iron workers, city 
firemen, roofers and others are, of course, extreme examples of the 
effect of occupation upon mortality. 

There is undoubtedly some degree of association of social or eco- 
]iomic status and mortality from heart disease. This is reflected in the 
mortality rates from this cause in the several classes of insured per- 
sons. The “ordinary” class is made up, generally speaking, of the most 
favored individuals; the “industrial” class is made up largely’ of wage 
earners holding small policies, and the “intermediate” class falls 
between. 

These observations are confirmed in the last report of the Registrar 
General of England and Wales, 1921-1923. 

It is unfortunate that the statistical data relating to deaths among 
those covered by group insurance and by industrial insurance are noh 
at present, in such form as to permit of the recognition of mortality 
rates by’ specific occupations. 


‘Assistant Medical Director. 
Read at the Annual Meeting 


Metropolitan Life Insurance Company. 

of the American Heart Association, February 4, 
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Group insurance is of relatively recent development. It is written 
at extraordinarily low rates because there are eliminated from the 
transactions all possible administrative and selective procedures. Pre- 
cise statements concerning the occupations of those insured are not 
required. In consequence the mortality which is experienced relates 
to industries and not to occupations. Physical examinations are not 
required so there is no physical selection of lives. Among those ex- 
posed to risk are individuals of varying ages, of either or both sexes, 
and to some extent, white or colored. It is evident that as group in- 
surance covers employees upon the payrolls of the respective insured 

Table II 


Death Bates Brost Other Diseases op the Heart 
Metropolitan Life Insurance Company, 1927 
Deaths Per 100,000 Lives Exposed at Specified Ages 


AGE PERIOD 

ORDINARY CLASS | 
(MALES) 

INTERMEDIATE CLASS 

(males) 

INDUSTRIAL CLASS 
(WHITE MALES) 

20 to 24 years 

11.2 

12.6 

20.5 

25 to 34 years 

10.9 

18.3 

38.3 

.35 to 44 years 

27.9 

52.1 

90.0 

45 to 54 years 

118.6 

195.8 

284.0 

55 to 64 years 

343.9 

427.8 

738.4 

65 to 74 years 

1 1013.9 

1171.3 

1785.8 

75 years and over 

3168.6 

4166.7 

4295.2 


Table III 

Standardized Mortality of the Eive Social Classes and op All Males. Ages 

20 TO 65 Tears 

Valvular Disease” of the Heart and “Other Heart Disease” 
BePORT OF THE BEGISTRAR GENERAL FOR ENGLAND AND WALES, 1921-1923 



SOCIAL CLASS* 

ALL 



n 1 

III 1 

rv 

V 1 


Valvular disease of liearti 


57.2 : 

61.1 

67.3 

80.9 

63.9 

Other heart disease j 


71.6 1 

59.0 1 

60.4 

75.6 

64.9 


* Social Class I — Upper and Middle. 

Social Class II — Intermediate. 

Social Class HI — Skilled Workers. 

Social Class IV — Intermediate. 

Social Class V — Unskilled W''orkers. 

groups, there is a tendency to eliminate from the exposure those indi- 
viduals whose incapacity because of heart disease is such as to prevent 
them from engaging in active work. A iiortion of those incapacitated 
because of heai't disease may, under group insurance, become eligible 
for total and permanent disability benefits. Such eases are charged as. 
claim losses as of the dates of acceptance of the claims. Unfortu- 
nately, published statements of group claim experience do not offer 
a classification of such permanent and total disability claims, by cause. 
About 15 per cent are due to heart disease. 

Accepting such data as are available in connection with the mor- 
tality from heart disease among the several million workers covered 
under group insurance, it is apparent that there exist relatively unim- 
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portaiit differences between the major classifications, such as ■ ‘min- 
ing,” “iron, steel and other metals,” “transportation,” “clerical,” and 
“all others.” Such differences as are observable in the several rates 
for each age are for the greater part to be explained by elements of 
selection incident to tlie demands of the respective industrial classifica- 
tions. The cardiac cripple will, for example, be almost automatieallj^ 
excluded from a heavy occupation. The operation of such tendencies 
has evidently been responsible for the levelling of cardiac mortality 
rates among the various occupational classes. 


Table IV 


Diseases of Heart and Cibculatobt System 
Deaths Per 100,000 Life Years 


CENTRAL 

JUNING 

IRON, STEEL 
OTHER METALS 

TRANSPORTATION 

CLERICAL 

ALL OTHERS 

AGE 

Class I 

Class II 

Class III 

Class IV 

Class V 

18 

14.0 

6.2 

16.6 

19.8 

21.3 

23 

23.8 

26.8 

23.8 

13.8 

[ 21.5 

28 

34.6 

31.6 

29.7 

28.4 

1 25.6 

33 

* 46.8 

' 45.9 

39.7 

32.8 

38.5 

38 

45.2 

73.9 

76.6 

53.2 

65.5 

43 

112.9 

122.8 

133.2 

95.9 

111.5 

48 

188.3 

177.1 

229.1 

184.7 

185.1 

53 

316.5 

344.9 

361.3 

356.2 

296.8 

58 

505.7 

529.6 

594.2 

546.6 

515.7 

G3 

765.6 

816.6 

1020.2 

1000.0 

872.9 

C8 

1325.3 

1600.0 

1774.3 

1551.1 

1386.2 

73 

1293.1 

2552.6 

2556.6 

2394.7 1 

1956.6 

78 

2991.4 

4354.8 

4655.1 

4114.3 

3273.7 

83 

3333.3 

6611.5 

6666.6 

5431.3 

6257.2 

88 

5263.1 

10000.0 

9230.7 

3571.4 

7260.6 


At the present time group insurance data concerning morbidity from 
heart disease in relation to occupation are not to be had. It is possible, 
however, to present some general figures indicating the relative impor- 
tance of diseases of the circulatoiy system among the many causes of 
dlness for ■which benefits are payable in time of sickness. 

In a study of 6671 claims incurred under policies paying benefits for 
approximately twenty-six wmeks beginning on the eighth day of illness 
among ulfite males, a life year exposure of 173,000 years, there were 
“3 01 4.8 per cent of the total number paid for losses due to various 
types of circulatory diseases, about 2 per 1,000. These claims involved 
the payment of 9 per cent of the total benefits paid for aU causes and 
^'ere of nn average duration of 75.7 days Avhich may be compared with 
average duration of benefit of 41 days, and which is a greater dura- 
ion than that associated with any other group of disabilities. 

^ - mong white females under similar policy provisions, 34,000 life 

circulatory system accounted for 32 claims 

oh,;,! 1 ^’000; on these 

d« of oil l^enefits paid; and the average 

on of benefit was 80.8 days which may be compared ivith an 













452 


THE AMERICAN HEART JOURNAL 


ai'erage duration of benefit of 44 days. The average duration of dis- 
ability due to circulatory diseases in this instance also was greater than 
that due to any other cause. 

In view of the many circumstances which would incline the vital 
statistician to view group insurance mortality data as treacherous and 
untrustworthy, it is of interest that an extensive mortality experience 
among men covered by that form of insurance known as industrial 
insurance shows an almost identical picture. 

These data relate to deaths among individual policyholders whose 
occupations at death are recorded. Unfortunately, the number of lives 
at risk in each occupational classification cannot be obtained, so true 
death rates are not available. In consequence it is necessary to resort 
to the use of a form of statement of mortality, which, Avhile useful and 
truly informative, leaves much to be desired. The proportion of deaths 
from any cause, such as heart disease, in an occupational group is 
corrected for age and expressed in ratio to the proportion of deaths 
from that cause among all occupied males. This figure is known as the 
‘ ‘ standardized ratio. ’ ’ 

In a studj’- recently undertaken by the Statistical Bureau of the 
Metropolitan Life Insurance Company, nnder the direction of Dr. Louis 
I. Dublin, there was determined the relation of occupation to 105,467 
deaths which occurred during the three years, 1922 to 1924, ainoug 
three and one quarter million male white industrial policyholders. 

The great majority, 90 per cent, of cardiac deaths were due to the 
cause of the international classification known as “Other Diseases of 
the Heart,” heart disease excluding pericarditis, acute endocarditis, 
acute myocarditis, and angina pectoids. 

Table V 

Number of Deaths in Specified Age Periods Prom All Causes and Prom “Other 
Diseases of the Heart. ’ ’ Mortality Experience of AIetropolitan Life Insurance 

Company on White Male Industrial Policyholders (Excluding Retired) 

15 Years and Older, 1922 to 1924 


NUMBER OF DEATHS 


causes of 
death 

.AGES 15 
YEARS 

AND OVER 

15 TO 24 
YEARS 

25 TO 34 
YEARS 

35 TO 44 
years 

45 TO 54 
years 

55 TO 64 

YEARS 

65 YEARS 
and over 

All causes ■ 

105,467 

11,927 

12,1.53 

15,041 

19,656 

25,054 

21,636 

Other diseases! 
of the heart] 

16,217 

903 

854 

1,386 

2,982 

4,941 

5,151 _ 


To this cause, “Other Diseases of the Heart,” were assigned 16,217 
deaths of individuals fifteen years or over, and it is to this class that 
the following data relate. The standardized ratios were computed for 
those deaths between the ages of fifteen and sixty-four years. 

With the “ratio” of 100 for all occupied males, those for specific occu- 
pations ranged, strangely enough, from 180 among sailors of the navy 
to 37 among soldiers. These ratios may be ignored, however, as they 







Percentage of Peatiis Due to “Other Diseases op the Heart’' op Deaths Proji Ael Causes in Specified Occupations 
Mortality Experience of Metropolitan Life Insurance Company on White Male Industrial Policyholders 15 Years and Older. 
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are based upon small numbers of deaths and being corrected for age do' 
not aeeuratelj^ reflect the actual incidence of cardiac deaths in these 
tAVO highly selected occupational groups. 

These ’ ratios, it must be clearly understood, are not death rates. 
They reflect only the importance of cardiac mortality in relation to 
other causes. Such indices, lioAvever, are of Amlue in disclosing any 
tendency . of occupation to induce an excessive mortality from any 
cause or causes. 

The best exteiish’-e occupational mortality data of recent date now 
aAmilable are to be found in the report of the Kegistrar General of 
England and Wales for the period 1921-1923. 

Among 164 occupational classes of those males dying between the 
ages twenty and sixty -five years but 16 classes showed significant 
standardized mortalitj^ rates from valvular diseases of the heart in 
excess of that for all occupied and retired males, and 21 classes, an 
excessive mortality from “Other Diseases of the Heart.” 

In onl 3 ^ a fcAv classes was the excess mortality at all marked. It was 
for other diseases of the heai't partieularty notable in those classes ex- 
posed to a silica hazard and with bartenders. The association of heart 
disease and a silica hazard was not evident in the American data. 

It is possible, CA^eu probable, that there is in this country a higher- 
degree of mobility of labor than in Great Britain, a greater tendency 
of Avorkers to shift from one form of employment to another more 
congenial or better suited to plysical capacity. 

It maj’’ thus be seen that Avhatever niay’’ be the importance of the part 
played bj’- occupation in the development or aggraAmtion of .eai’diac 
incapacity in particular, indiAudual cases, there is no considerable 
eAddence that certain occupations are conducive to high death rates in 
the battle Avith the neAv captain of the men of death. 



^ STATISTICAL STUDIES BEARING ON PROBLEMS IN THE 
CLASSIFICATION OP HEART DISEASES 

V. Heart Disease Among Ex-Service Men’^I 

Philip B. Matz, M.D. 

Washington, D. C. 

(Goniimied from page SIS, February issue) 


DEATHS FROU CARDIOVASCULAR DISEASE 


T he data received from the hospitals indicated tliat 60 beneficiaries 
died from cardiovascular disease. It Avas thought that it might prove 
of value 'to analyze these deaths for the purpose of ascertaining the 
etiological factor .of the heart disease, the age of the patient at death, 
and the specific lesion or lesions causing death. These facts are 
brought out in Tables XIV, XV, and XVI, which follow ; 

' Table XIV lists a series of 60 patients who had been under treat- 
ment for various cardiovascular diseases and who died. The cardio- 
vascular lesions are arranged according to etiology as well as to spe- 
cific diagnosis. These 60 patients gave a history of having had 100 
cardiovascular lesions, the latter being due to 116 factors. It is thus 
seen that the average number of lesions per patient was 1.6 and the 
average number of factors per patient was 1.9. 

; Thirty-four, or 29.31 per cent, of the lesions Avere of rheumatic 
ongin ; 21, or 18.10 per cent, Avere sequelae of infectious diseases ; 14, 
or 12.07 per cent, Avere syphilitic; and in 37, or 31.90 per cent, of the 
lesions, the etiological factor Avas unknoAvn. 


I Of the total number of lesions, namely 100, the most frequent Avere : 
chronic myocarditis, enlargement of the heart, aortic insufficiency, 
mitral insufficiency, and mitral stenosis, in the order named. 

: The 60 patients referred to in Table XIV are again listed in Table 
so as to indicate the direct cause of death as Avell as the age at 
death.^ It is noted that 32, or 53 per cent, of the patients died from 
organic disease of the heart ; 13 from imlmonary tuberculosis ; and 4 
from acute endocarditis. 

While, in a number of cases, the cardiovascular disease Avas not the 
irect cause of death, in 32, or 53 per cent, of the group the disease of 
^os the primary cause of death. It is probable that in those 


Research Medical Service, U. S. Veterans Bureau, and from 

Health AssoclauJS. ^ ^ Heart Committee of the New York Tuberculosis and 

Bureau. the permission of the Medical Director of the U. S. Veterans 
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Enlargement of heart and mitral insufficiency ' 

Hypertrophy of heart, myocarditis, chronic, fibrous, and 
fatty infiltration 



C^UJDIOVASCULAB DISEASES 
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cases where death was not direetlj^ due to cardiovascular disease, the 
latter might have been a contributing factor. 

Table XVI is a compilation of the 60 eases referred to in Tables XIV 
and XV arranged aeeording to the specific cardiovascular disease for 
which they were hospitalized and according to the age at death. At- 
tention is again invited to the fact that even though cardiovascular 
disease existed at the time, it was not necessarily a primary cause of 
death, but may have been a eontiubutoiy factor. 

It has been pointed out by Dublin, and also by Cohn, that five-sixths 
of the deaths from heart disease take place after the age of forty, 
while only one-sixth of the deaths occur prior to that age. 

The data in Table XVI indicate that of the total of 60 cases the age 
at death of 28 is not stated. In the series of 32 cases, in which the age 
at death was recorded, it is noted that 6 were between forty-four and 
fifty years of age; 26 between the ages of twenty-two and thirtj’-five ; 
7 died at the age of thirty or thirty-one ; 4 died at the age of thirty- 
four or thirty -five; and 5 died at the age of twenty-four or twenty- 
five. These figures are not of particular significance in view of the 
fact that the group as a whole is a select one and the average age of 
these patients is approximately thirty-six years. 

A study of the specific heart lesions for which these patients were 
hospitalized indicates that 25, or 41.67 per cent, of the patients had 
some chronic valvular disease of the heart. 

Mortality Bate From Cardiovascular Disease in the V. S. Veterans 
Bureau, Fiscal Tears 1922-1926, Inclusive. — ^An attempt was made to 
analyze the deaths in the Veterans Bureau from cardiovascular dis- 
ease during the period, 1922 to 1926. Reference to Table XVII shows 
that the number has increased from y^ear to j’-ear with the exception 
of 1924, in which year there was a material decrease in deaths due to 
this cause. There were 98 deaths in 1922, 192 in 1923, 147 in 1924, 206 
in 1925, and 296 in 1926. The total deaths in Bureau and other hos- 
pitals from cardiovascular disease for these years was 939. The total 
deaths from all causes for the same period was 12,718, making the 
percentage of deaths due to cardiovascular disease for this period 7.38. 

These figures may be compared with the observations of J- S. 
Whitney^® Avho found that the mortality from heart disease in the 
civil population wms 15 per cent of all deaths every ymar. 

An attempt was made to ascertain the primary cause of death among 
the 939 patients djdng from cardiovascular disease during 1922-1926, 
inclusive. Reference to Table XVIII indicates that in 661, or 70.4 
per cent, of the cases the primary cause of death was organic disease 
of the heart. 
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Table XA^II 


deaths prom oardio- 


PER CENT 


YEAR 

1922 

1923 

1924 

1925 

1926 

tot All BEAT tifcj 

1299 

2639 

2502 

2866 

3412 

98 

192 

147 

206 

296 

7.54 

7.28 

5.8S 

7.19 

8.68 

Total 

12718 

939 

7.38 


Table XA^'III 


Deaths From Cardiovascular Diseases, 1922-1926, Inclusive 


DISEASE 

1922 

1923 1 

1924 1 

1925 1 

1926 

TOTAL 

Ovgtuiie disease of tlie heart 

Acute endocarditis 

Embolism and thrombosis 
Hemorrhage and other diseases of 
the circulatovy system 

Diseases of the arteries, atheroma, 
aneurysm, etc. 

Pericarditis 

Angina pectoris 

Diseases of the lymphatic system 
(lymphangitis, etc.) 

Diseases of the veins (varices, 
hemorrhoids, phlebitis, etc.) 

60 

7 

7 

21 

1 

I 1 
( ^ 

1*35 

18 

16 

13 

2 ' 
4 

4 

98" 

6 

16 

11 

6 

6 

1 

2 

1 

158 

14 

7 

6 

I 

2 * 
1 

o 

210 

19 

18 

10 

1 26 

10 

1 

1 

1 

661 

64 

64 

61 

51 

24 

7 

5 

2 

Total 

98 

192 

147 

206 

296 

939 


r 





iSi" 

[)!' 

1 ^' 


Coliid refers to a group of 954 deaths due to heart disease of which 
number 93,2 per cent were forty years old and over. This observer 
iiiaiutains that the increased rate of death from heart disease involves 
persons over the age of forty. Under this age the mortality rate has 
hillen. Cohn avers that the increased death rate from cardiovascular 
liisease in persons over forty is pi*edominantly due to senescent changes. 

A study of Table XIX reveals the fact that of the total of 939 
deaths due to cardiovascular disease, occurring during 1922-1926 
among U. S. Yeterans Bureau beneficiaries hospitalized in government 
and civil hospitals, 313 took place before the age of thirty; 438 oc- 
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'curred witliin tlie age group from thirty to thirty-nine; 99 deaths 
occurred Avithin the age group from forty to forty-nine ; 43 deaths oc- 
curred Avithin the age group from fifty to fifty-nine; and 46 deaths 
occurred after the age of sixty. It is thus seen that 46.6 per cent of 
the total number of deaths occurred AAdthin the age group from thirty 
to thirty-nine. The percentage of deaths from then on became less in 
the Amrious succeeding age groups. Further study of the statistics in 
Table XIX reveals the fact that 751 of the total number of 939 pa- 
tients died before the age of forty, Avhile 188 died after that age. 

This is not in accordance AA'ith the customary experience in civil life 
AAdiere the death rate from heart disease increases AAdth age, but is to 
be expected in aucav of the fact that the average age of the ex-service 
man is thirty-six, and the age at death of most of these men falls 
Avithin the various age groups tAventy to thirty -nine. 


Table XIX • 

Deaths of U. S. A^’eteraxs Bureau Patients in Hospitals From Cardiovascur.\r 
Disease by Age and Primary Cause of Death, Fiscal 
Years 1922-1926 Inclusive 


CARDIOVASCULAR DISEASE AS A PRIMARY CAUSE OF DEATH 


AGE AT 
DEATH 

ORGANIC DISEASES OF 
THE HEART 

ACUTE ENDOCARDITIS 

EMBOLISM AND 

THROMBOSIS 

HEMORRHAGE, OTHER 
DISEASES OP THE 
CIRCULATORY SYS- 
TEM 

pg 

o < ^ 

to to H 
« w g 
2 5 § 

w g 

S 

PERICARDITIS 

ANGINA PECTORIS 

DISEASES OP THE 

LYMPHATIC SYS- 
TEM (LYMPHAN- 
GITIS, ETC.) 

DISEASES OF THE 
VEINS (varices, 
HEMORRHOIDS, 
PHLEBITIS) 

TOTAL 

Under 20 

1 



1 






2 

20-21 

7 

1 

2 







10 

22-23 

13 

4 


4 


2 




23 

24-25 

32 

10 

2 

5 

2 

2 




54 

26-27 

62 

5 

8 

10 

1 

3 




89 

28-29 

100 

10 

8 


3 

2 


1 


130 

30-31 

78 


12 

5 


3 




110 

32-33 

80 

6 

6 

8 


2 


2 

2 

110 

34-35 

67 

6 

9 

4 


2 


1 


91 

36-37 

49 

5 

9 

3 


1 




69 

38-39 

36 

2 

3 

2 

6 

3 





40-41 

14 

1 


1 

1 

1 


1 


20 

42-43 

8 


1 

2 


1 




12 

44-45 

12 

1 

1 


2 

1 

2 



19 

46-47 

22 




1 





24 

48-49 

17 


2 


3 

1 




24 

50-51 

8 




1 





9 

52-53 

10 




1 





12 

54-55 

2 

1 



3 





7 

56-57 

6 


1 







0 

58-59 

5 

1 



■■ 





7 

22 

60-61 

9 



2 

■■ 





62-63 

3 

. 



2 





0 

64-65 

1 




O 

Ld 





0 

Over 65 

19 

1 



6 





so 

Total 

661 

64 

64 

61 

51 

24 

7 

5 

2 

939_ 
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Deaths From Organic Disease of the Heart. — In view of tlic fact that 
661 of the 939 deaths ivere due to organic heart disease it was felt 
that an analysis should be made of these deaths, classifying them ac- 
cording to the specific diagnosis and according to the age at death. 

It is found that of the 661 ca.ses the cause of death in 128 was 
chrome myocarditis; in 120, mitral insuffieicncy ; in 99, comhiued aor- 
tic and mitral lesions; and in 82, acute cardiac dilatation. 

Further study of Table XX indicates that 524, or 79.2 per cent, of 
the 661 deaths occurred before the age of forty, and 137, or 20.8 per 
cent, occurred after that age. The explanation for this has already 
been given in the discussion of Table XIX. 

In reviewing the data compiled in Table XX it i.s noted that chronic 
myocarditis constitutes the principal cause of death from organic 
disease of the heart, followed by mitral imsulficiency, combined aortic 
and mitral disease, acute cardiac dilatation, valvular heart disease, 
unclassified, aortic insufficiency, and mitral stenosis, in the order 
named. 

Deaths From Cardiovasentar Disease of Insured TJ. S. Veterans Bureau 
Beneficiaries. — A study was made of the mortality statistics of insured 
U. S. Veterans Bureau beneficiaries for the purpose of ascertaining 
the cause of death and the average age at death of ex-service m'en 
who had had cardiovascular disease. It was found that of 1845 deaths 
due to cardiovascular disease, mitral insufiieicney was the cause 498 
times; acute cardiac dilatation, 324 times; cerebral hemorrhage, 302 
times; chronic myocarditis, 216 times; acute endocarditis, 179 times; 
combined aortic and mitral disease, 122 times; acute myocarditis, 104 
times, and chronic endocarditis, 100 times. 

Two hundred and fifty-two of the total number of 1845 insured bene- 
ficiaries were studied for the purpose of ascertaining the average age 
at death. It was found that the average age at death of those with 
acute cardiac dilatation was thirty-four years; acute endocarditis, 
thirty-two years; chronic endocarditis, thirty years; cerebral hemor- 
ihage, thirty-seven years; acute myocarditis, thirty-two years; chronic 
injoearditis, thirty-three years; combined aortic and mitral disease, 
t lirty-four years, and mitral insufficiency, thirty-five years. 

ECONOJtIC ASPECT OF HEAUT DISEASE 

compensation are based upon the percentage evaluation 

dis earning capacity resulting from the 

isa 1 ity “in civil occupations similar to the occupation of the injured 
an at the time of enlistment.” Impairment in ability to secure em- 
P oyment is also considered. 
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Most diagnoses of heart disease were made by designated examiners 
employed by tlie Bureau, though a considerable number of such diag- 
noses were made by heart specialists on duty in the regional office 
dispensai'ies of the Bureau. 

Observation of the types of heart examinations made by designated 
examiners in the field indicated such diversity of methods, particularly 
ill exercise tests, that the Bureau prescribed a standardized heart 
examination for uniform employment by field examiners.^' 

The Bating of Disahilitics From Diseases and Injuries . — In accordance 
with the provisions of Section 202, Subsection 4, World War Veterans 
Act, approved June 7, 1924, a schedule, taking cognizance of the oc- 
cupation of the injured veteran at the time of enlistment, was pre- 
pared by the United States Veterans Bureau. 

Prior to the said provision of law, the Schedule of Disability Ratings 
of the United States Veterans Bureau was based solely upon averages, 
with no recognition of occupation of the individual claimant. The 
preparations of the Schedule of Disability Ratings, under the terms of 
the Act of June 7, 1924, required pioneering effort on the part of the 
United States Veterans Bureau. There were few, if any, precedents 
available upon which to base the necessarily highly complicated and 
technical eimluatioiis of disabilities as influenced by the extraordinarily 
large number of occupations in the United States. 

The Schedule of Disability Ratings now in use by the United States 
Veterans Bureau and put into effect January 1, 1926, consists of two 
tables, which are independent and interdependent : Table I, a list of 
Occupational Ratings, and Table II, of Disability Ratings. 

Table I is an alphabetically arranged list of occupations, a repre- 
sentative cross-section of the various activities in agriculture, mining, 
commerce, professions, etc., of American life. There are one thousand 
of these selected occupations. Opposite each occupation appear seven- 
teen variants, representing various body parts, indicating estimates 
of the relative functional importance of the body part concerned, wdth 
respect to the occupation in question. 

The diseases of the heart and pericardium are included under the 
caption Chest,” general arteriosclerosis comes under the caption 
dystemie”; while localized arterio.sclerosis would fall under the part 
0 the body affected, as for instance chest, leg, arm, etc. 

If the established occupation of the claimant at the time of enlist- 
appear in the list, an inquiry is made of the claimant 
mg the type and functional requirements of his occupation, and 
m exammer selects a similar occupation from the list. 

him I consists of a list of injuries and diseases arranged, to 
rate reference, into separate tables, as follows : 
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1. Amputations, fractures, defoniiities, and their sequelae 

2. Dental and oral 

3. Eye, ear, nose, and throat 

4. General medicine 

5. Neuropsj'chiatric 

6. Eespii-atory system and tuberculosis, pulmonary and other forms 

7. Surgical 

8. Combined table 

Opposite the list of diseases and injuries there appear a series of 
nine occupational variants which are determined by and are earned 
over from the ratings in Table I. 

Use of the Tables . — Since the introduction of this Schedule of Eatings in 1926, 
it has worked satisfactorily in the adjudication of compensation claims of disabled 
ex-service men. 

The regular members of tlie Eegional Eating Board, in cooperation with the 
Adjudication Division of the regional office, determine the occupation of the 
claimant at the time of enlistment, before the medical rating is assigned. The 
occupation given in the record of the Adjutant General’s Office or the Bureau of 
Medicine and Surgery of the United States Navy is acecptecl. 

The occupation at the time of enlistment havbig been satisfactorily determined, 
the disease or injury is next ascertained. Thereupon the medical examiner first 
refers to Table I, locating the appropriate occupation. The disease or injury 
in the case is then considered with regard to the injury variants. The figures 
occurring at the reading junction of the occupations with the applicable injiny 
variants are references to the occupational variants (1-9) in Table II. Turning 
to Table II, the medical examiner reads and assigns the percentage of disability 
occurring at the reading junction of the injury list and the column reference 
(from 1-9) given in Table II. 

Multiple disabilities are combined in accordance with the instructions in the 
Combined Eating Table of the Schedule. 

In the adjudication of the claims for compensation the following terms are used 
to signify- the extent of disability as well as the degree of inqjairnieut : 

1. Temporary- Partial (T. P.) — a disability- of a temporary- nature in which 
the degree of impairment of earning capacity- may be from 10 per cent up to 
and inclusive of 99 per cent. 

2. Permanent Partial (P. P.) — a disability of a permanent nature in which 
the degree of impairment of earning capacity may- be from 10 per cent up to 
and inclusive of 99 per cent. 

3. Temporary Total (T. T.) — a disability- of a temporary- nature in which con- 
dition there is 100 per cent of disablement. 

4. Permanent Total (P. T.) — a disability- of a permanent nature in which 
the disablement is equivalent to 100 per cent. 

5. Double Permanent Total (D. P. T.) — any- combination of those disabilities 
which entitle the beneficiary- to an award for permanent total disability. 

COMPENSATION FOR CARDIOVASCULAR DISEASE 

Table XXT shows the Dumber of veterans who are at the present 
time receiving compensation for cardiovascular disease incurred while 
in the military- service together with the specific disease for which 
compensated. 
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111 reviewing Table XXI it is noted that 16,189 beneficiaries are 
receiving compensation for cardiovascular disease as of Marcli 31, 
1927. Tlie total compensable load consists of 239,433 beneficiaries. 
The per cent of tlie cardiovascular eases to tlie total is therefore 6.76. 

The average montlily compensation of tlie cardiovascular cases 
varies from a low of $10.00 to a bigb of $110.00; tbe average for the 
whole group of 16,189 eases is $35.59 a month, as eompared with the 
average monthly eompensation for all beneficiaries, which is $44.55. 

The annual outlay of the government for eompensation for eardio- 
vascular disease is $6,914,880.00 ; the total annual cost to the govern- 
ment for eompensation for all disabilities is $127,993,800.00. The out- 
lay for compensation for cardiovascular diseases is therefore 5.4 per 
cent of the total amount expended annually for the compensation of 
all classes of disabilities. 


It is also noted in Table XXI that 5,822, or 35.96 per cent, of a total 
of 16,189 beneficiaries receiving eompensation for cardiovascular dis- 
ease are reported to have mitral insufficiency. It is believed that the 
incidence of mitral insufficiency in the Veterans Bureau is too high, 
and it is thought that the cause for it is the use of erroneous criteria 
in the diagnosis of this heart lesion. The mere presence of a S 3 ^stolic 
murmur at the apex does not mean mitral insufficiency. It is there- 
fore possible that a number of the beneficiaries Avith this diagnosis are 
really cases of so-called functional heart disease. While it is probable 
that these patients have an occupational handicap, it is thought that, 
as a result of a favorable prognosis, phj'^sical and economic I’ehabilita- 
tion are possible. 

Further study of Table XXI shoAvs the principal cardiovascular dis- 
eases for Avhich the disabled ex-seiwice men are receiving compensa- 
tion. The largest groups are, in the order named -. mitral insufficiency, 
chronic myocarditis, neurocirculatory asthenia, aortic and mitral dis- 
ease, mitral stenosis, aortic insufficiency, tachycardia, cardiac hyper- 
trophy, chronic phlebitis, chronic endocarditis, hj'^pertension, and 
aortic stenosis. 


Table XXII is so arranged as to shoAv the extent of disability for 
cardiovascular disease,^ the degree of handicap on a percentage basis, 
e number of benefieiaiues AAuthin each per cent group, the aimrage 
y paj^ment, and the annual outlaj'’ for compensation for each 

group. 

ficil? 01' 53.50 per cent, of the total of 16,189 bene- 

comne!!/+^^ compensated on a temporary partial basis. The 

BroeauLdifafote'''’^' Veterans 
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Table XXI 

Sho\ving the Nvmbek of Vetekans Receiving Compensation for CARmovAcjnnT 
Disuse Together With Specific Diagnosis, Average Monthly Coto?C- 
AND Total Annual Outlay for Compensation for Each Specific Disease 


cardiovascular disease 


Aclhereiit pericardium 
Aortic aneurysm 
Angina pectoris 
Aortitis 

Arteriosclerosis, local 
Arteriosclerosis, cerebral 
Arteriosclerosis, .general 
Neuroeirculatory asthenia 
Auricular fibrillation 
Bradycardia 

Cardiac arrhytlunia, extrasystole 

Cardiac arrhj’tliniia, sinus arrhythmia 

Cardiac disorder, functional 

Cardiac hypertrophy 

Cardiac hypertrophy and dilatation 

Cardiac murmur, not organic 

Degeneration and infiltration of heart 

Dilatation, aortic arch 

Dilatation, cardiac, acute 

Dilatation, cardiac, chronic 

Embolism, cerebral 

Endocarditis, acute 

Endocarditis, chronic 

Endocarditis, septic 

Functional heart disease 

Heart-block 

Hemorrhage, cerebral 

Hypertension 

Hypotension 

Mediastinopericarditis 

Myocarditis, acute 

Myocarditis, chronic 

Pericarditis, acute, fibrinous 

Pericarditis, adhesive 

Pericarditis, purulent 

Pericarditis with effusion 

Phlebitis, chronic 

Phlebitis, suppurative, chronic 

Phlebosclerosis 

Plilegmasia alba dolens 

Pleuropericarditis 

Tachycardia 

Thrombophlebitis 

Thrombosis 

Valvular heart disease, aortic insufficiency 
Valvular heart disease, aortic stenosis 
Valvular heart disease, aortic and mitral 
Valvular heart disease, mitral insufficiency 
Valvular heart disease, mitral stenosis 
Valvular heart disease, pulmonary lesion 
Valvular heart disease, tricuspid lesion 


Total 


Grand total of active compensable beneficiaries 



AVERAGE 

TOTAL ANNUAL 

NUAIBER 01 

' MONTHLY 

OUTLAY FOR 

BENEFICI- 

C03IPENSA 

COMPENSA- 

ARIES 

TION 

TION 


(dollars) 

(dollars) 

1 

60.00 

720.00 

50 

91.80 

55,080.00 

42 

80.12 

40,380.00 

87 

33.91 

35,400.00 

2 

87.50 

2,100.00 

56 

74.29 

49,920.00 

114 

84.69 

115,860.00 

1.625 

24.39 

475,620.00 

34 

81.62 

33 300.00 

f) 

22.22 

2,400.00 

48 

31.56 

18,180.00 

21 

24.76 

6,240.00 

O 

35.00 

840.00 

476 

29.91 

170,820.00 

13 

58.08 

9,060.00 

20 

16.75 

4,020.00 

3 

53.33 

1,920.00 

8 

56.25 

5,400.00 

3 

75.00 

2,700.00 

14 

51.79 

8,700.00 

7 

62.86 

5,280.00 

1 

50.00 

600.00 

348 

35.63 

148,800.00 

1 

55.00 

660.00 

12 

26.67 

3,840.00 

5 

110.00 

6,600.00 

lo 

74.00 

13 320.00 

196 

32.14 

75,600.00 

9 

32.22 

3,480.00 

1 

40.00 

480.00 

3 

58.33 

2,100.00 

2,639 

40.26 

1,275,060.00 

1 

50.00 

600.00 

21 

46.90 

11,820.00 

5 

61.67 

2,220.00 

11 

77.73 

10,260.00 

434 

26.18 

136,320.00 

4 

15.00 

720.00 

1 

100.00 

1,200.00 

1 

10.00 

120.00 

5 

48.00 

2,880.00 

490 

20.62 

121,260.00 

99 

31.77 

37,740.00 

45 

48.67 

26,280.00 

543 

45.84 

298,680.00 

148 

49.36 

87,660.00 

1,371 

58.91 

969.240.00 

5,822 

29.07 

2,031,000.00 

1,314 

37.87 

597,120.00 

8 

26.88 

2,580.00 

3 

75.00 

2,700.00 

16,189 

35.59 

6,914,880.00 

239,433 

44.55 1 

127.993,800.00 


Per cent of total compensable beneficiaries receiving compensation for cardio- 

for compensation paid to beneficiaries for 


Per 


vascular disease 
cent of total annual outlay 
cardiovascular disease 


6.7(> 

o.-K' 
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Temporary 

Partial 


Permanent 

Partial 


Temporary Total 
Ponnaiicnt T otal 
"nPAND TOTAL 


DKe.ar.r. or 

I-MCAIKMCST 

(ran cknt) 

.STMtlKH or 
iirxrrinAuir.s 

10 -• 10 

2210 

20 - 20 

2.820 

:i) - ao 

1221 
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The figures in Tables XXI and XXII stand out as excellent proof 
of the generosity of the people in providing amply for those who were 
disabled, udiile iii, tlie service of tbeir cotintry. 

. SUMMARY AND CONCLUSIONS 

1. a. There are 36,189 World War veterans at the present time 
with compensable cardiovascular disease. The living World War 
veterans number about 4,408,617. The incidence of this.class of disease 
among the ex-service men is therefore approximately 3 per 1000. This 
is extremelj'' low and the following reasons suggest themselves: 

1. The average age of the World AVar veteran is approximately 
thirty-six y^’ears, and heart disease morbidity and mortality begin 
to ascend after the age of forty. 

2. A large number of men ■with cardiovascular disease were kept 
out of the army by the draft boards, or, if accepted, were turned 
down at the various camps by the examining boards after it was 
ascertained that they had cardiovascular disease. 

b. As the result of close contact in barracks during the ivar, infec- 
tious and contagious diseases were more prevalent among the military 
population than in civil life. This no doubt accounts for the high 
incidence of heart disease classified as the sequel of infectious diseases. 
This fact is one of the important observations in the study. 

2. Of 736 Bureau patients under hospitalization for cardiovascular 
disease it was ascertained that there were a total number of 1123 
lesions which were ascribed to 1761 etiological factors. It is supposed 
that the heart and blood vessels may be attacked by more than one 
disease, and each may leave an imprint of degenerative or inflamma- 
tory changes with resulting anatomical residua. 

3. A consideration of tlie 1123 cardiovascular lesions found in 736 
Bureau patients discloses the fact that the average number of lesions 
per patient is 1.53. The principal lesions are: mitral insufficiency, 
chronic fibrous myocarditis, hypertrophy of the heart, and aortic in- 
sufficiency. 

4. a. In a study made of the specific cardiovascular lesions in a series 
of 736 Bureau patients it was noted that 453 had but one cardiovascular 
lesion ; of the latter, the most common ivere mitral insufficiency, chronic 
mymearditis, and cardiac hypei-trophy. 

b. Two hundred and eighty-three patients had one principal and one 
associated cardiovascular lesion. The most frequent combination was 
mitral insufficiency with aortic insufficiency; the next most frequent 
combination was that of mitral insufficiency and hypertrophy of the 
heart; the next two most frequent combinations were those of mitra 
insufficiency and mitral stenosis, and cardiac hypertrophy and chronic 
myocarditis. , . 



HATZ: classification op llEAUT DISEASES 4/1 

5. According to tlie etiological distribution ot licart disease, 33.50 
per cent of the cases were rheumatic; 30.04 per cent were sequelae o 
infectious diseases; 11.19 per cent were syphilitic; and 4.03 per cent 
were arteriosclerotic heart disease; the latter type is of interest in 
view of the fact that the average age of the living World War veteran 
is approximately thirty-six years. 

6. A classification of 590 rheumatic factors according to the type 
of rheumatic infection causing lieart lesions indicated that tonsillitis 
was the cause in 40.34 per cent of the heart lesions; acute rheumatic 
fever in 22.20 per cent; tooth and gum infections in 20.G8 per cent; 
and the remaining rlieumatic infections Avere such diseases as chorea, 
torticollis, pharyngitis, etc. These latter comprised 30.78 per cent of 
the total number of rheumatic infections. 

7. In this studj', heart lesions ro.sulting from various infectious dis- 
eases were classified as sequelae of infectious diseases. It is noted tliat 
influenza, pneumonia, and tuberculosis Averc the principal diseases 
reported as the cause of this type of heart disease. The most common 
heart lesions occurring as the sequelae of infectious diseases Avere 
mitral insufficiency, chronic myocarditis, and hypertrophy of the heart. 

8. a. A study of rheumatic heart lesions disclosed the fact that 
in a considerable number of cases it Avas impossible to ascertain the 
time elapsing between the occurrence of the rheumatic infection and 
the appearance of the heart lesion, HoAvever, in those cases in Avhich 
it Avas possible to obtain the information, it Avas found that the time 
varied from one month in patients in AA'hom the heart lesion dcvelo2)cd 
coincidently Avith the rheumatic infection to tAventy-five years in jia- 
tients in Aidiom the lesion Avas not recognized clinically until that 
length of time after the occurrence of the rheumatic infection. In the 
majority of cases the lesion deA’^eloped Avithin fiA>^e years. 

b. In the ease of syphilitic heart disease the statistics compiled sIioav 
that luetic cardiovascular disease appears in the majority of cases from 
fii'e to ten years after the initial infection. 

c. What Avas said of rheumatic heart disease may be ajiiilied to heart 
disease, the sequel of infectious diseases. The time elapsing between 
the occurrence of the infectious disease and the appearance of the 
lesion varied from one month in ca.ses in Avhich the lesion appeared 

0 ncideutly with the infectious disease to tAA^enty-five years in patients 

in whom the lesion ivas not noted until that length of time after the 

occurrence of the infectious disease. In the majority of cases, clinical 

vidence of heart disease was observed Avithin five years after the 
lutection. 

tateval o£ time elapsing bettveea tim oc- 

lesim, '‘“logical disease and the appearaneo of the cardiac 

ion IS dependent upon several factors, such as ; 

• The type of causative disease 
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2. Extent of degenerative or inflammatory changes and location 
of lesion or lesions 

3. Functional activity to which the heart is subjected 

9. a. A study of the duration of cardiovascular disease in 736 pa- 
tients in the Bureau hosjiitals showed that in 245 cases it was impos- 
sible to determine the duration of the heart disease. In the remaining 
numbei, namely 491 cases, lieai’t disease existed foi’ periods varying 
from one to six months in 30 cases, to eight to nine years in 41 cases. 
In 3 cases the heart disease was congenital. The largest group of 
patients, 85 in number, gave a history of having had the cardiovascular 
disease from seven to eight j'-ears. 

b. In the consideration of 255 of a series of 736 patients who umre 
hospitalized primarilj'’ for some heart lesion, it was found that the 
most common lesions present were chronic myocarditis, combined 
aortic and mitral valvular disease, mitral insufficienej’', aortic insuffi- 
eiency, and mitral stenosis. Taking the whole group of 255 eases into 
consideration, the duration of the various lesions extended from the 
shortest period of one to six months to the longest period of eight to 
nine years. 

c. In a study made of the duration of various cardiovascular lesions 
in 252 Bureau beneficiaries who died from cardiovascular disease, the 
average period from the date of diagnosis of the lesion to the date of 
death was as folloAvs: 


For acute dilatation, eight months; acute endocarditis, four years; 
chronic endocarditis, four years; cerebral hemorrhage, tAvo years; 
acute myocarditis, four years; combined aortic and mitral disease, 
fiAm jmars; chronic myocarditis, four years; and mitral insufficiency, 
three years. 

The duration of the various heart lesions just enumerated is shorter 
than is the usual experience. 

d. Consideration of the duration of heart disease* is fraught Avith a 


good deal of difficulty because : 

1. Exact date of the inception of the heart lesion is not ahvays 
knoAvn. 

2. Wide range in the duration period of various heart lesions. 

3. Duration period depends upon etiological type of lesion, as 
Avell as upon the ;site of the lesion. 


*It is thought that the figures of Romberg, sliowing that approximatolj fiftce 
years is the duration of the average case of heart disease 

much, nor should the latter figure be applied in an empirical manner masmuM ^ 
iieart disease is so varied as to etiology and clinical course as to make the per 
nf fluration also varied. It is believed that m considering the period or 
heart iSe casef should be treated according to the etiological types to whicli tliO 

belong. 
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4. Duration period depends upon the reaction of the lieart muscle 
to the lesion present, i.e., upon the rapidity of compensation or 
decompensation. 

10. a. A study of the functional capacity of 736 cardiovascular pa- 
tients, grouped according to the classification of the American Heart 
Association, shows that 28.40 per cent were able to carry on theii 
habitual physical activity; 29.62 per cent were able to carry on a 
slightly diminished activit}'; 19.29 per cent were able to carry on only 
a greatly diminished activity; 11.14 per cent were unable to carry. on 
any physical activity and were confined to bed ; and in 11.55 per cent 
of the patients the functional capacity was not noted. 

b. It is thus seen that 60.05 per cent of the patients had heart 
lesions which were accompanied by a reduced functional activity. 
From an economic standpoint this is a serious handicap inasmuch as 
the earning capacity of these patients is greatly impaired. 

e. It follows, therefore, that the Bureau has the same problems to 
solve in the ease of the cardiovascular patients as it had in dealing 
with the tuberculous beneficiaries: 

1. To rehabilitate these patients physically. 

2. To restore them to a maximum economic state. 

d. It is thought that the Bureau facilities in the hospitals and re- 
gional offices could be utilized not only to restore these cardiac pa- 
tients to normal heart function, but that they could also be used in 
the instruction of the cardiac patients in various light occupational 
crafts for the purpose of increasing their ivork tolerance. The Bureau, 
through outside social agencies, should interest itself in securing suit- 
able occupations for the claimants after they are dehospitalized. 
These patients should be urged to return periodically for cardiac ex- 
aminations so that the effect of work on the circulatory system may 
he determined. 

11. In a series of 145 eases in which the cardiovascular disease "was 
attributed to infected tonsils, and in which tonsillectomy was done,' 
it was found that in 18 eases the cardiovascular disease was benefited 

y the operation. The small number of cases showing improvement 
IS possibly due to the fact that in the others additional foci of infection 
ere piesent, and that the extirpation of the tonsils did not rid these 
patients of all the areas of infection. 

12. a. In a study of 60 patients wdio died ivhile under hospitaliza- 
on or cardiovascular disease, it -was found that the average number 
1 lesions per patient was 1.6; 29.31 per cent of the lesions were of 
iieumatac origin; 12.07 per cent syphilitic; 18.10 per cent were sequelae 

factm.^ fiisease, and in 31.90 per cent of the lesions the etiological 
^actoi could not be ascertained. 
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b. Of tlie total number of lesions (100) in the above 60 patients, the 
largest groups were those of chronie myocarditis, enlargement of the 
heart, aortic insufficiency, mitral insufficiency, and mitral stenosis. 

e. Of the 60 patients referred to, 32, or 53 per cent, died from 
organic disease of the heart; 4 from acute endocarditis, and 13 from 
pulmonary tuberculosis. It is noted that in a number of the patients, 
even though eardiovaseular disease was present, it was not necessarily 
the primary cause of death, but might have been a contributory factor. 

13. The statistics of the United States Veterans Bureau indicate 
that the mortality from cardiovascular disease between 1922 and 1926, 
inclusive, has increased from year to year with the exception of the 
year 1924, when there was a decrease in the number of deaths. This 
increasing mortalit.y due to eardiovaseular disease is to be expected 
as the ex-service man approaches the age of forty. 

b. Of the 939 deaths due to cardiovascular disease and occurring 
between 1922 and 1926, 661 Avere due to organic disease of the heart. 

c. The Bureau statistics shoiv that 46.6 per cent of the deaths due 
to eardiovaseular disease and occurring betAveen 1922 and 1926, took 
place AA'ithin the age group from thirty to thirty-nine, and the per- 
centage of deaths in the succeeding age groups became less. This may 
be explained by the fact that the majority of the ex-serAUce men are 
Avithin the age group thirty to thirty-nine, and the number becomes 
smaller in the succeeding age groups. 

d. An analy^sis of the 661 deaths due to organic disease of the heart 
reAmals the fact that the principal primary causes of death Avere chronic 
myocarditis, mitral insufficiency, combined aortic and mitral lesions, 
and acute cardiac dilatation. It is also noted that 524, or 79.2 per cent, 
of the 661 deaths occurred before the age of forty, and 137, or 20.8 
per cent, occurred after that age. This is different from the customaiy 
experience in ciAul life and may be explained by the fact that the 
aAmrage age of the ex-service man is thirty-six yars and the age at 
death of most of these men falls AAdthin the age groups up to forty 
years. 

14. a. In a studj^ of 1,845 deaths of insured Bureau beneficiaries due 
to cardiovascular disease, mitral insufficiency Avas the cause 498 tunes; 
acute cardiac dilatation, 324 times; cerebral hemorrhage, 302 times; 
chronic myocarditis, 216 times; acute endocarditis, Itfi times, coin 
billed aortic and mitral disease, 122 times; acute myocarditis, 1 
times ; and chronic endocarditis, 100 times. 

b. Two hundred and fifty-two of the 1,845 deaths were studied to 
ascertain the average age at death. It Avas found that of the patients 
AAdth acute cardiac dilatation, the average age was thirty-four years; 
acute endocarditis, thirty-two years; chronic endocarditis, thir y 
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years; cerebral hemorrhage, thirty-seven years; acute myocarditis, 
thirty-two years; chronic myocarditis, thirty-tliree years; comhinec 
aortic and mitral disease, thirty-four years; and mitral .insufficiency, 
thirty-five years. 

15. a. The active compensable beneficiaries of the Bureau numbei 
239,433 of which number 16,189, or 6.T6 per cent, are receiving com- 
pensation for cardiovascular disease. 

b. The average monthly compensation of the beneficiaries with 
cardiovascular disease is $35.59 ; the average monthly compensation of 
all beneficiaries is $44.55. 

c. The annual outlay of the government for the compensation of 
beneficiaries with cardiovascular diseases is $6,914,880.00; the total 
annual cost to the government of compensation for all disabilities is 
$127,993,800.00; the outlay for compensation for cardiovascular dis- 
ease is 5.4 per cent of the total amount expended annually for the 
compensation of all classes of disabilities. 

16. Of the total of 16,189 beneficiaries receiving compensation for 
cardiovascular diseases, it is found that 35.96 per cent are reported 
to have mitral insufficiency; 10.04 per cent neurocirculatory asthenia; 
16.30 per cent chronic myocarditis; 3.35 per cent aortic insufficiency ; 
0.91 per cent aortic stenosis; 8.47 per cent aortic and mitral disease; 
and 8.12 per cent mitral stenosis. 

17. Of the total number of beneficiaries receiving compensation for 
cardiovascular disease (16,189), it is noted that 53.50 per cent are on 
a temporary partial basis ; 34.87 per cent are on a permanent partial 
status; 4.81 per cent are on a temporary total status; and 6.82 per 
cent are on a permanent total status. 


In conclusion it is desired to .acknowledge the cooperation in this study of Dr. 
A. E. Colin of the Rockefeller Institute for Medic.il Research, .and .a inemher of 
the Research Group of the Medical Council of the TJ. S. Veterans Bureau. 


It is also desired to acknowledge the encouragement of the jMedie.il Director 
of the D. S. Veterans Bureau in this study; and the cooperation of the Evaluation 
msion, Central Office, and of the medical officers in the ficVl ; tlio latter Avere 
iH enough to furnish the data Avhieh form the basis of this paper. The as- 
ss anee rendered by Miss Anne Bamhery, Statistical Assistant in the Research 
uision, in tlie preparation of the nianuseript is grontty appreciated. 
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THE ELIMINATION FKOJ^I THE EIjECTHOCARHlOGRATil OF 
THE EFFECTS OF ALTERNATING CURRENT OF 
POWER AND IHGIITING LINES'" 

A. AVaui), ALD., Pii.D. 

London, Ont. 

D uring the last two years I liave been attempting to determine 
the cause of waves in the electrocardiogram wbicb correspond in 
rate to that of the alternating current of the electric lighting and 
power lines in the vicinity of the electrocardiograph. During the in- 
vestigation certain information has been obtained which may be ol 
use to others confronted with the same difiiculty. 

In attempting to locate the cause of alternating waves in the elec- 
trocardiogram, the first thing to do is to determine whether the ofl end- 
ing current is picked up by the electroeardiograpl), by the loads Jrom 
the patient to the electrocardiograph, or by the patient himself. 'To 
do this it is only necessary to take three test photographs: (1) with 
the patient in the circuit; (2) with the patient removed and the leads 
joined together, and (3) with the leads removed and a .short wire con- 
necting the lead terminals of the resistance-box. If it is found that 
current is induced on the connecting leads, the latter should be covered 
with some metallic tube, such as lead pipe. When the electrocardio- 
graph is situated some distance from the patient, certain precautions 
must he taken in the installation of the lead wires. Spocilic informa- 
tion on this can be obtained from the manufacturers of electroeardio- 
graphs, the main precautions as given by them being: (1) The leads 
should be enclosed in a metallic sheath, .such as lead, and this sheath 
grounded every fifty feet. (2) As far as possible paralleling the al- 
ternating current lines must be avoided ; if this is im 250 ,s.sible, as it is 
in a great many instances, there should be a distance of at least five 
feet between them. (3) All alternating lines should be crossed at 
right angles and in this ease a distance of not less than eighteen inches 
should be between them. 

If it is fomid that the interference is picked up by the electrocardio- 
paph, it may be that by simply shifting the position of the instrument 
111 the room, the difficulty can be overcome. Wires concealed in the 
^'a s and floor are often found to be the soiu’ce of trouble. If the 
ennents are creeping up from the floor to the instrument or the pa- 
mn ry insulators should be placed under each leg of the table on 
JPPpthe electrocardiograph is mounted, and the chair or bed on 
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which the patient is placed. Grounding- both the resistance-box and 
the galvanometer to a water pipe should be tried. Leaving the gal- 
vanometer ungrounded and at the same time grounding tlie resistance- 
box and vice versa in some eases gives results. 

Parts of the instrument may, under certain conditions, produce 
waves in the electrocardiograph simulating alternating current. If the 
camera motor is suspected, this may be eliminated by disconnecting it 
from the camera and taking a picture while spinning the latter by 
hand. When the source of light is any but that of an ordinary direct 
cui-rent incandescent lamp, the possibility of the trouble originating 
at this source should be ruled out. An ordinaiy six volt automobile 
headlight supplied with current from a storage cell of the same 
voltage will serve as a very easy method to cheek this part of the in- 
strument. The time marker may be easily^ excluded by taking a 
tracing with it disconnected. 

Dui’ing the investigatiou it was found that if the ends of two leads 
were connected together by^ a coil of wire similar to the coils used as 
resistances in the resistance-box, the tracing showed marked alternat- 
ing current effects and, in fact, the vibrations of the string could he 
easily'- seen with the naked eym. This led me to believe that possibly 
currents were being induced in these coils during the taking of the 
electrocardiogram, tlius causing the disturbance. A complete resist- 
ance-box' was constructed in which all coils of- wire were substituted 
by noninductive carbon resistances ; this, hoAvever, did not reduce the 
alternating effect in the tracings. A simpler method of excluding the 
resistance-box is simply' to take a tracing with the patient in the 
circuit without the resistance-box; the shadow of the string Avill be 
forced to one side of the field of light, but it is quite possible- to take 
a tracing iu this mamier, especially' if the skin current of the patient 
is small. 

The effect of accumulation of static cliarges on the galvanometer 
may' lead one to think that they' are the cause of foreign waves in the 
electrocardiogram; these charges are evidenced by' the string periodi- 
cally going into violent vibrations the amplitude of which ranges from 
zero in which the string can be sharply' focused to a maximum when 
it cannot be seen; one complete cycle usually extends over a period of 
about four seconds and is immediately followed by another. Allowing 
this charge to escape, either by' grounding or by the operator touching- 
the galvanometer, usually' stops the vibration. It was found that this 
effect may be present to tlie most marked degree and at the same time 
a perfect electrocardiogram be obtained. 

When it is found that the effect of the lighting and power circuits 
is present only when the patient is connected to the leads, it wouU 
be well first to try placing a large piece of galvanized iron under the 
bed or chair. A piece of thick linoleum or other insulating materia 
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the size of the metal slieet should cover it; tlie best results may be 
obtained by grounding Ihe iron to the lead covering of Ihe leads, and 
the lead covering in turn should be, grounded to the resistance-box. 
If the above cffort.s fail, then the room in ivliich the patient is jdaced 
should be lined with some metallic substance, such as “gravel screen,” 
the lining being complete over the walls, ceiling, doors, and windows; 
the metal lining itself should be grounded. If the inlerference is not 
too great, placing a 4 Itl.F.D. condenser across the terminals ol the 
string will give very good re.sults and yet not modify tlie e.ssential 
parts of the tracing to any great degree.^ Valuable information on 
the protection of string galvanometer circuits against external elec- 
trical disturbances will be. found in a paper by 11. lb V illiams.- 11 
the electrical disturbance is of .such a degree that none of the above 
measures eliminate from the tracing at all times the ('IVects of alternat- 
ing currents, it will be necessary to investigate the power and lighting 
lines in the vicinity of the instrument. In view of the fact that the 
electrocardiograph is disturbed only in certain localities, it occurred 
to me that the power lines in these districts must dilVer in some way 
from those in localities where there is no disturbance. It was found 
that the fault was not in the power and lighting lines themselves, but 
hi certain motors, etc., receiving power from the same .sub.stalion. 
These motoi’.s are .supplied wifJi 550 volts on a three jiliaso .system, 
whicli is not grounded. If a break oeeurs in the insulation of tlio 
windings of a motor, current passes from tlieso windings into the 
frame and thus to the ground. This break in the insulation is evi- 
denced at anj’^ point on the .same line by a dilTeronce in potential be- 
tween the other two phases and the ground. When lirst discovered, 
this difference of potential between one phase and the ground amonnlod 


to 540 volts. A recording voltmeter shows that the leak is not constant 
but varies from time to time, sometimes dropjiing to zero. Electro- 
cardiograms taken when the voltmeter .showed no leaks were free 
fiom alternating current ell’ecis, wdiilc those taken when the leak was 
large showed large waves corresponding in time to that of the local 
25-cyele lighting and power circuit. 

The solution of the problem is, therefore, in the repair or eliminalion 
0 the offending electrical devices; those can best be traced out by 
le local electric lighting and power commi.ssion which will he glad 
0 cooperate in the matter. It might be stated here that the first pro- 
ce me is to conduet a thorough investigation in an attempt to locate 
grounded machines and have tlieiu put in' proper order or dis- 
m-n bnpo,s,sible to find the trouble in this way, momentarily 

ancKf other phases will, for a time at least, remove tlie trouble 

motnl ^ ^’opeated will force the owner to discard the offendino- 
or other electrical device which is responsible for the leak. 
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SUMMARY 

Information is presented wliicli, it is believed, should prove of value 
in eliminating, from electrocardiograph tracings, the effects of dis- 
turbances from electric lighting and power circuits. The direct cause 
of the disturbance was found to consist in certain defective electric 
motors or similar devices receiving current from the same lines as the 
building in which the electrocardiograph is situated. The solution of 
tlie problem lies iu the location and repair or elimination of the defec- 
tive machines. 
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PLEURAL EFFUSION ASSOCIATED WITH CONGESTIVE 
HEART FAILURE LOCALIZED IN AN IN'J'ERLOBAR 

SPACI'H' 

Edgar F. Kiser, il.D. 

IKDIAXAI’OLIS, TxD. 

OTEWARTt lias recently reported ]>lcural ell'nsion associated with 
^ congestive heart failure, localized in an interlobar Hpncc. A 
rather careful survey of the literature reveals that the condition 
either is extremely rare or has not been reported. Hence the report 
of this case, wliieh so closely parallels that of Stewart, 

J. t . t\ a male, fifty-one years old, traveling aalc.sman, came under ot)servation 
on May 28, 1928, complaining of dyspnea on the slightest exertion. 'I’en wcehs 
before he had been recommended as a safe insurance risk by a eom})cteut e.Nnminov, 
A week later he noticed some diflieulty in breathing. This had got .steadily worse 
until on tlic day of c.Namination, bonding forward to tie )iis slioclnce produced 
distinct shortness of breath. 

The family history was unimportant and tlie past personal history negative. lie 
infections rl'ouniafic fever, tonsillitis, chorea, or any of the streptococcic 

The present illness began nine weeks before he came for examination .and was 
^ 7 constantly increasing dyspnea on exertion or imstc, with slight cough, 

smnto!!? '• 0 ;'i’'scnoss, a sense of choking and gastrointestinal 

tention *^Tccia i the eructation of gas. He laid had no previous mcdic.ul at- 

TJicm'lfod'hf 0 ft. 1 in. tall and weiglied 2.1.1 pounds. 

There I d been a loss of weight of ten pounds in the past eight weeks. He was 

- .rcyaS:" “" 3 - -Oist ami there 

were regular and nn ^ ^vcll. The pupils 

The tonsils had nornmili'. There were several devitalized tcetb. 

but because of thoTl ' ®-'^''''>'>»«<-ioii revealed an enormously enlarged lieart, 

Tbe heart sounds we ' ! outlined by percussion. 

tions. The radial mils sounds. There were frequent premature coiitrnc- 

^^loodprelJe ^sTsO im 108 witl. patient at comploto rest. The systolic 

greatly altered except for 'sea^f 120 «»«■ The breath sounds were not 

gland was normal. ^ o^t>'Oniities. Tlie prostate 

«>oVs'fomXx 

wntvicular contractions Theresa ^ frequent premature 

■ - — _ • Tliere avas no axis deviation. 

j. I® University School of Medicine. 

227. 1928. "'oo’nl Effusion Localized in an Interlobar Space, AM. Heaut 
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Ihe laboratorj fintlijigs irere as foHowsr Blood: Hemoglobin 87 per cent- 
red blood corpuscles 4,660,000; white blood corpuscles 6,700, rrith an increase in 
the polymorphonuclear neutrophiles to 83 per cent. Urine: Specific gravity 1.024 
to 1.030; distinct trace of albumin; occasional finely granular casts and oecasioii.ai 
pus cells. The nonproteiii nitrogen was 60.6 mg. per 100 c.c. of blood and the uric 
acid was 4.6 mg. The Wassermann (blood) and Kahn tests were negative. 

A flat plate of the chest taken at seven feet showed the heart enormously en- 
larged with the typical water bottle outline of pericardial effusion (no definite 
clinical signs of pericarditis were demonstrable). The cardiothoracie ratio was 7i).7 
per cent; the cardiac area (Bardeen) was 2.53 sq. cm. The striking finding in the 



1. — Localized pleural effusion and pericardial effusion. 


roentgenogram was, however, a shadow seen in the right chest in the region of <Ii« 
interlobar space. (Pig. 1.) It was distinctly ovoid in shape and e.vtended 8 cm. 
to the left of the right thoracic wall and was 5 cm. in width. The outline vas 
perfectly rfegular and resembled, more than anything else, the shadow- of a lemon. 
In density, the shadow was identical with that of the pericardial effusion. 

The patient was put to bed and thoroughly digitalized. Clinical improvemcn 
was remarkably prompt and satisfactory. He stayed at rest for file weeks, n 
inasmuch as he was not in a hospital a further chest plate could not be obtamm 
until July 12. (Pig. 2.) At that time the pericardial effusion had entn-ely ( m 
appeared, the cardiothoracie ratio had been reduced to, 59 per cent, the area of . 
cLdiae shadow was 198 sq. cm. (Bardeen) and the interlobar effusion I>ac e.it. e . 
disappeared. The cardiac rhythm was perfectly regular and compensation 
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esfiWished. The blood pressure uas 130/90 u.m. Ko elcetroenrdio^'uin was nude. 

The patient has continued to improve steadily and has resumed his fonnti - . 
Jin A seven foot plate made on .lannary a, .vas practically ident.ca 

with that made on July 12, 1028, rvith no evidence wliatsoever of the ideuia 

effusion. 



Fig-. 2. — Xote complete disappearance of both pleural and pericardial cfCu.slon. 


The localization and character of the nnnsnal sliaclow above de- 
scribed, togetlier ivith its complete disappearance after tlie reestab- 
lishment of the cardiac compensation, the entire absence of tiny sigms 
of neoplasm or empyema, justifit tve think, the diagnosis of pleural 
effusion associated tvith congestive heart failure, localized in an inter- 
lobar space. 



RETROPERITONEAL ABSCESS OP SPLENIC ORIGIN IN A 
CASE OP SUBACUTE BACTERIAL ENDOCARDITIS* 

Edward Weiss, M.D. 

Philadedphia, Pa. 

'X’HE following ease is interesting because of the rare occurrence of 
processes following infarction of organs in subacute 
bacterial endocarditis and also because of the problem in diagnosis 
presented in such an instance. 

J. K., a wliite woman, aged fort 3 -two years, was admitted to Hie service of 
Dr. Hiram Loux of the Jefferson Hospital, July 19, 1928. 

She complained of severe pain in the left upper quadrant of the abdomen. The 
family history was negative. The patient stated that slie had been in good lieaith 
until the onset of the present illness. She never had riieumatic fever, chorea, or 
tonsillitis. She had been pregnant eight times with normal labors. The preseut 
trouble began July 4, 1928, with severe pain in the left upper quadrant of the 
abdomen, fever, and urinary findings for which she was referred to the hospital 
with a note from the attending physician suggesting the diagnosis of pyelitis. 

Cystoscopic e.xaniination revealed a normal bladder and normal ureteral orifices. 
Separate specimens of urine showed an insignificant number of white blood cells 
in each specimen. The patient seemed much improved after a week’s rest and uas 
discharged to a convalescent liome on July 26, 1928. 

Pain in the left upper quadrant recurred; she was readmitted to the hospital 
on September 4, 1928, and transferred to the medical ward on the service of Pr. 
Thomas MeCrae, September 11, 1928. 

Physical examination now showed a thin woman lying comfortably in bed. The 
mucous membranes were pale. The month and throat were in fair condition. The 
heart was enlarged to the left, almost to the anterior axillary line and a harsh 
blowing sj'stolic murmur was heard at the apex, Tlie pulmonary second sound 
was accentuated. The lungs were clear and resonant. Tlie abdomen was distended, 
and the liver was enlarged to three fingers below the costal margin. There vras 
a firm mass in the left upper quadrant of the abdomen which was tender at times. 
Neither physical nor roentgen-ray examination could establish that it was spleen, 
and yet it seemed continuous with splenic dullness. There was slight clubbing of 
the fingers. The temperature was very irregular with an occasional rise to 104°. 

Urine examinations showed a trace to a cloud of albumin; a small number of 
pus cells, and occasional hyaline and granular easts, but no blood. Blood counts 
showed progressive secondary anemia with white blood cells varjdng between 6,000 
and 10,000, the differential counts being unimportant. Numerous blood cultures 
were negative. Bacterial endocarditis was suspected, although it was felt that 
there might be additional trouble in the abdomen, such as perinephritic abscess. 
Pyelographie study of the left kidney showed apparently normal pelvis and calicos, 
and additional roentgen-ray studies gave no evidence of perinepliritic abscess. Never- 
theless, the patient was operated upon October 10 under local anesthesia. A posterior 
incision exposed the left kidney but no abscess was found. 

Eoentgen-ray study on October 15 showed a mass in tlie left upper quadrant 
of the abdomen displacing the splenic flexure of the colon downward and inward. 

*From the Department of Medicine, Jefferson Medical CnUegre, Philadelpiiia, Pa. 
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Tlie lateral iiiargiu of the mass seemed to extend beyond the spine to the right, 
and the lower border was about the midpoint of the third lumbar vertebra. It 
seemed separate from the spleen which was somewhat enlarged. 

On October 25 the blood culture showed a nonhemolytic streptococcus (not 
Streptococcus viridans) and this finding was confirmed on November 22. The 
patient never showed petechiae but shortly before death she complained of a very 
sCTere pain in the left wrist, and an area of bluish discoloration appeared on 
the ubiar side of the palmar surface extending into the palm of the hand. The 
temperature became very irregular with sharp peaks going to 10d° and there were 
frequent sweats. Death occurred on December 7. 

At autopsy (Dr. B. L. Crawford) the peritoneal cavity contained a slight excess 
of clear straw colored fluid. The abdominal organs occupied their usual positions. 
The spleen was enlarged and was densely adherent to the diaphragm and the 
lateral abdominal wall. There was a large retroperitoneal soft fluctuating mass 
on the left side of the abdomen which extended from the region of the spleen 
down to the brim of the pelvis. There was no evidence of inflammation of the 
general peritoneal cavity. 

The heart was enlarged, weighing 420 grams; the muscle was soft and flabby. 
On the mitral valve and extending up on the wall of the auricle and down on 
the papillary muscles of the left ventricle were numerous long, pendulous, friable, 
reddish gray vegetations. Several were as much as 11,4 cm. in length. There 
was comparativelj' little thickening or deformity of the mitral valve leaflets. The 
aortic valve leaflets appeared normal. The coronary arteries were in good con- 
dition. 

The spleen (430 grams) was enlarged and densely adherent to surrounding 
structures ineludiug the diaphragm, pancreas, and posterior abdomuial wall. On 
releasing the adhesions a large pus pocket was found. This cavity was retroperito- 
neal and extended downward along the posterior abdominal wall to the brim of 
the pelvis. It contained about liter of very thick greenish-yellow’, foul-smelling 
pus. A large area of inflammation and necrosis was found in the diaphragm, and 
rupture had occurred into the left pleural cavity. The lung was adherent to the 
inflamed diaphragm. 


There were several, circumscribed, soft grayish areas scattered throughout tlie 
spleen. On section some of those soft areas had partially necrotic centers and 
others Iiad gone on to cavity formation. They had fibrous tissue walls and measured 
from 2 to 3 cm. in deptli. Several of these reached the surface of the spleen 
and by rupturing, one sueli .suppurative infarct must liave been responsible for 
the retroperitoneal abscess. 

The right kidney also contained a number of soft graj'ish infarcts. 

Other organs did not show important cliaiiges. 

Heart s blood culture yielded a nonhemolytic streptococcus and the same or- 
ganism was recovered from the splenic abscess. 


e significant findings therefore were : subacute bacterial endocar- 
1 IS 0 the mitral orifice due to a nonhemolytic streptococcus (not 
m ans) and suppurative infarction of the spleen with retroperitoneal 
scess ormation and rupture of the left side of the diaphragm. 
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Gladstone, Sidney A.: A Pew Observations on the Haemodynamics of the Nor- 
mal Circulation; and the Changes Which Occur in Aortic Insufficiency. Bull. 
Johns Hopkins Hosp. 44: S3, 1929. 

The folloAving paper presents a study of some of the phenomena associated 
with the physiology}'' of a normal circulation and of the circulation as it is 
modilied by rmrious pathological proees.ses in the light of principles of hydro- 
dj'namics. 

The application of the hydrodynamic equation for the flow of water through 
pipes is made in an attempt to analyze certain problems in hemodynamics. 

The forces eonecrned in cardiac contraction and the influence of respiratory 
movement arc discussed. The fall of systolic pressure during inspiration is 
e.xplained by the author as duo to respiratory pressure changes in the medias- 
tinum as the result of increased effort of respiratory movements. The change 
in blood pressure level during inspiration is just about equal to the changes of 
pressure which occur in the mediastinum during normal respiration. 

Presents methods of calculating the work of the heart have underestmiatcd 
the kinetic energy factor by failing to consider the systolic increase of velocity 
head’ imparted to the whole mass of arterial blood. 

The general applicability of the principles of hydraulics to the problems f 
arterial flow is demonstrated by the author’s ability to explain and correlate 
the flnduigs of Dawson on the Lateral Blood Fresmres 

Arterial Tree. Braeliial blood pressure is found to depend upon mtia-a c P ^ 
sure head. Femoral blood pressure depends upon the sum of intra-aortic p ■ 
head and velocity head, hence the so-called differential 

The formation and propagation of the pulse are discu.ssed. T p 
believes that the concepts of pressure waves have been applied 
many problems of hemodynamics. For example, the mture o P > 

excels of femoral over brachial blood pressure, the difference between central 

"""iSderelopircase'of aortic insufficiency is characterized by 

tion of the normal cyclic changes in pressure head, velocity head and 

of arterial bToI E^ddenee is'offered for believing that the maximum velocity 

head especially increases above normal. _ ^ ^ 

The present writer believes that the collapsing pu s i systolic 

of blood from the arterial system, resulting and 

velocity head. A collapsing pulse diminishes the blood supp ^ 
causes excessive mechanical strain of the arterial walls ^ to 

of the dynamics of regurgitation and the eompensato y factors 
reduce the amount of blood regurgitation. The capillary pu s 
be a further cousequence of the momentavrly y j, femoral 

aud the exaggerated spurt-like character of ^'^^uli velocitj 

Wood nressure in aortic insufficiency depends upon the higli max 
“aa of Tt »d femoral Mood. Tho ImaeMal pres.are '"‘I ^ 
mi because tbe braebial a.d s.bclaviaa artems ar.se at r.ght aag e 
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the arch of the aorta and act as piezometer tubes, their flowing depending en- 
tirely upon pressure head and not being directly influenced by changes of intra- 
aortic velocity head. 

The difference in mass of blood is only of .secondary importance and may 
exaggerate the effect of water hammer. It is considered unnecessary to pos- 
tulate an unequal distribution of pressure waves reflected from tlic periphery 
or even their existence in attempting to explain the excess of femoral over 
brachial blood pressure. 

Gladstone, Sidney A. : Oonceniing the Mechanism of Prodtiction of the Korothoff 
Sounds and Their Significance in Blood Pressure Determinations. Bull. Johns 
Hopkins Hosp. 44: 122, 1929. 

The present writer offers an explanation of the method of production of the 
Korotkoff sounds based on an analy.sis of the various factors concerning their 
change during decompression of the cuff and their effect upon each other. 

The sounds arc produced by sudden distention of an artery, the walls of 
which were previously relaxed because the pressure of the surrounding pneu- 
matic cuff opposes the diastolic intra-arterial pressure and keeps the artery un- 
distended during diastole. 

The appearance of the first sound is a measure not of systolic pressure head 
but rather of the sum of pressure head, velocity head and such increment as may 
be due to water hammer. 

The dulling of the sound at the beginning of the fourth phase prohably 
occurs just below the intra-arterial diastolic prc.ssurc head. 

During the second phase the arterial sound weakens or disappears and is 
supplemented or replaced by a murmur. In such eases of hypertension or aortic 
stenosi.s, whore the rate of arterial blood flow is not rapid enough to produce 
a murmur during the second phase, there is produced an auscultatory gap, since 
there is nothing to .supplement or replace the arterial sound which during that 
pha.so weakens or disappears. 

Lundy, Clayton J., and Woodruff, Lewis W.: Experimental Heart Block. Arcii. 
Int. hfed. 43: 1S4, 1929. 

In the course of experimental work on the heart a new method was devised 
for increasing the intra-auricular and intraventricular pressures of the intact 
dog. This was done by tying a balloon on the tip of a properly bent glass 
rod and inserting the rod into the right anriclo or ventricle by war* of the 
right jugular and innominate veins. This apparatus was connected with a 
mercury manometer and a prc.ssurc bottle which permitted rai.sing the intra- 
auncular pressure to any desired amount. 

With an intra-auricular pro.s.surc of from l.u to (iO mm. of mercury, there was 
gradual lengthening of the P-B interval from O.OS second to 0.2 second, a period 

° 1 . '^^tablishment of an independent ventricular rhythm and finally 

complete suppression of the P-wave. 

the^fn^'t pressure in the balloon, there was a gradual return to 

otrol typo of sinus rhythm with normal P-E intervals. 

^Test Oppenheimer, Enid Tribe: A Simple Exercise Tolerance 

Am T Efficiency With Stand Tables for Normal Individuals. 

J. M. Sc. 177: 223, 1929. 

mum described utilizes habitual muscular movement causing a mini- 

ement and no dizziness or vertigo. It consists in ascending and 
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descending two steps, each 9 inches high. The number of foot pounds of work 
performed is easily calculated. 

The advantages of a quantitative method for an exercise tolerance test arc 
described, and its value in diagnosis is emphasized. 

The criterion for the satisfactory performance of the test is a return of 
systolic blood pressure and of pulse rate to the pre-exercise level within two 
minutes after the end of exercise. Tables have been constructed giving foot 
pounds of work per minute performed by normal individuals -with variation for 
sex, age, height and weight. 

Curves of food pounds of wmrk per minute plotted against age show that 
until about puberty girls perform more efficiently than boys, but after thir- 
teen years males do better than females. The sharpest rise in the curve occurs 
between ten and twenty years of age. Males reach a maximum of about 3795 
foot pounds of work at about twenty-six to twenty-nine years and women a 
maximum of 2950 at about twenty-four j'ears. After this optimum of ages a 
gradual but steady decline occurs. 

Exercise tolerance varies directly with body wmight up to the optimum weight 
of 160 to 165 pounds for men and 135 to 145 pounds for women. Beyond these 
weights the exercise tolerance falls. 

The relation of work capacity to height is a direct one, the taller the in- 
dividual the greater is his exercise tolerance. 

The practical importance of the procedure is that the patient can be tested 
to determine: first, whether his exercise tolerance is within normal limits; 
second, what his actual maximal tolerance is in foot pounds. 

The test is helpful in the diagnosis and grading of circulatory efficiency and 
for tracing the changes arising therefrom during the progress of an organic 
condition of the heart or during recovery. It may also be used in giving advice 
as to sports and games. 

Farrell, John T., Jr., Langan, Paul 0., and Gordon, Burgess: A Roentgen Bay 

Study of a Group of Long-Distance Runners. Am. J. M. Sc. 177 : 324, 1929. 

The present roentgenographic study was undertaken to determine the effect 
of long-distance running in 23 athletes. In a race from Los Angeles to New 
York these runners averaged 41 miles daily for 84 consecutive days. The study 
was made three days after the end of the race. They would indicate that 
when changes in the bones or sudden death are caused bj'' athletic training or 
competition that the individuals Avere unqualified physically for strenuous effort, 
and exercise merely exerted a precipitating influence. In the teleroentgeno- 
grams the greatest transverse diameter of the heart was measured for com- 
parison with the tables of Bardeen. The predicted diameter for each runner 
was computed for height and wmight and an average obtained which Avas con- 
sidered the normal diameter for the giAmn individual. 

“The lungs were found to be essentially normal. The bones, except for cer- 
tain osteoarthritis changes, were normal. The blood vessels AAmre visualized 
only in the older runners. 

In 13 runners the hearts appeared to bo definitely smaller than normal; m 
5 runners the hearts were AAuthin normal limits, and in five instances the hearts 
according to the predicted diameters shoAAmd an increase in size. According 
to the so-called cardiothoracic ratio, only one heart Avas increased in size. 

The data as a Avhole suggest that the immediate effects of long distance 
running are inconsequential, since all the changes noted may be found in in- 
dividuals of similar ages without symptoms. 
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Mond, Herman, and Oppenlieimer, Enid Tribe: Gallop Eliythm in Hyperten- 
tion. Arch. Int. Med. 43; 166, 1920. 

In tills paper the authors have attempted to elucidate the dynamic factors 
connected with the production of gallop rhythm by means of graphic methods 
giving exact records of the sounds and their relationship to the electrical and 
mechanical phenomena of the heart cycle. They have studied only patients 
presenting the classic syndrome of Potain, that is gallop rhythm in cases of 
hypertension with more or less marked cardiac insufiiciency. By means of 
simultaneous electrocardiograms, xihonocnrdiograms and apo.v imxmlsc tracings, 
they have been able to ascertain the exact time relationships of the extra sounds 
to other events of the cardiac cycle and have considered which of such events 
may have a casual connection with the sound. They have found in agreement 
with all previous observations that in true gallop rhythm the extra sound 
occurs during ventricular diastole. The curves show that this extra sound on 
the phonoeardiogram always occurs at the same time as the latter half of the 
P-wave and simultaneously with a large distinct wave of the ajiex beat and 
the A-wave of the venous jtulse. This would, therefore, point to the anriciilar 
contraction as the determining factor. 

As far as is shown bj' the records it would npx)oar that the distinction be- 
tween protodiastolic and prcsystoHc gallop is not of great significance. Grant- 
ing that in these eases gallop sound and auricular contraction are interrelated, 
it will depend entirely on the relative po.sition of auricular contraction between 
the preceding second and the subsequent first sound whether the gallop is 
protodiastolic or prcsystoHc. The factons determining this are, therefore, the 
rate of the heartbeat, on the one hand, and the length of the auriculovcnlriculnr 
conduction interval on the other. 

They discuss the differentiation that must be made between gallop rhythm 
and the physiologic third sound and the reduplication of the second sound in 
mitral stenosis. 

Prom their studies the authors believe that the mechanism of gallop rhythm 
IS explained, as it yvas originally by Potain, as due to a sudden distention of 
the rigid fibrosed muscle wall of the ventricle by the inflowing blood from the 
auricle. lu Potain 's description, however, the role of the auricular contraction 
IS neglected. The authors, however, believe that the auricle contracting plays 
an important part in the production of this sound. They proceed to discus.s 
two questions: one, why is auricular contraction not heard under normal con- 
ditions; two, what are the conditions that make auricular systole an audible 
event? They believe that the auricle contracting is not heard naturally because 
ere are factors causing the sound vibrations to be damped. Due to this 
nsion of the ventricular sound, the vibrations produced by the auricle con- 
tracting fall beyond the level of audibility. In the normal heart the ventricle 
soft”^^ relaxed when auricular contraction occurs, its walls forming a 
ing bl which yields readily to the slightest pressure of the inflow^- 

the ft ' phase auricle and ventricle form one largo cavity, whereof 

the an . portion not only fails to participate in the vibrations of 

have bee ^ f ^ damper that silences whatever vibrations may 

amount f sudden contraction of the auricle muscle fibers. The 

mal clearly proportional to this yielding capacity of the nor- 

ventricle muscle in diastole. 

diminished ventricular wall the damping influence must bo 

the chances of audibility improved. In the cases under dis- 
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cussion it is probable that factors are present in the ventricular muscle which 
make it favorable for the appearance of the sounds of auricular contraction. 

The authors assume in explanation that the ventricular wall is no longer 
in a state of complete relaxation in diastole but now offers a marked resistance 
to the entrance of blood during auricular systole. The pressure wave produced 
by the contracting auricle meets with a ventricular wall which no longer 3 delds 
passively to every impulse. The pressure is raised suddenly in the large com- 
mon cavity comprising both auricle and ventricle, and the whole of its sur- 
rounding wmll is throwm into transverse vibrations. These transmitted to the 
wall of the chest are heard as the familiar third sound of gallop rhythm. As 
has often been stated, it is best heard near the apex which is that portion of 
the vibrating muscle mass closest to the wall of the chest. In this conception 
the extra sound is a combined auricular and ventricular effect, and the partici- 
pation of the ventricle explains why a sound, auricular in origin, should he so 
well perceived over the ventricle. 

Symposium on the Aspects of Chronic Heart Disease. New England J. Med. 200: 

1, 1929. 1: Experience with Chronic Cardiac Patients at The Robert B. 

Brigham’s Hospital. Spear, Louis M. 

The following points wore emphasized as the result of this experience: (a) 
patients with endocarditis must be kept quiet as long as there is evidence of 
cardiac irritability; (b) there is a definite tendency to recurrence of cardiac 
infection under the best of control conditions; (c) the necessity for long rest 
in a hospital for the majority of cases, c.speeiall.y for those where home condi- 
tions arc not suitable, to provide adequate rest; (d) the difficulty of control 
in cases that have been discharged to the Home Service is pointed out. 

2: Obtaining Occupation for Adult Males With Heart Disease. Raymond, 

Howard C. 

The usefulness of the classification of heart patients adopted bj’- the New 
York Heart Committee has been proved in the placement of patients. It is 
pointed out that the doctor frequently may state what the patient cannot do, 
whereas the idea uppermost in the worker’s mind is wdiat he can do. Intimate 
relationship between the placement w'orker, the hospital social service worker 
and the employer is necessary. Various typos of W'ork suitable for male cardiac 
eases are enumerated. 

3: The Placement of Women With a Heart Handicap. Fletcher, Gertrude L. 

The author feels that the principles in placing women arc the same as those 
in placing men. There is, horvever, one great advantage in placing wmmon m 
the fact that many of the jobs calling for unskilled women are light, whereas 
those for unskilled men arc heavy. On the other hand, there arc many more 
places for unskilled men than for unskilled women. 

A; Home Adjustments in Chronic Heart Disease. Upton, Nathalie B. 

The adjustment of home problems stands out as one of the most challenging 
as well as one of the most hopeful problems presented. The author discusses 
the various phases in the home that require adjustment in order for the patient 
properly to meet his daily needs and life. How these home adjustments arc 
to be made is a matter of technic which varies with the individual worker, 
the individual patient and the problem. 
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5 : Instnictioii in the Home for Cliildrcn Handicapped hy Heart Disease. 'I’erry 
Edith Itr. 

The various questions urisiuK in the cure of young ehiUlveu with heart disease, 
as well as those during adoloseent life, arc prosenled. The need for supervision 
in school, in the home, in outside activities and preparation for voeutional oc- 
cupation arc pointed out. 

6: vocational Guidance for Children With Heart Disease. Ginn, Susan .T. 

This particular phase of adapting (diildroa for future occupation is discussed. 
Interesting o.vauiples are cited where luaterial henefit resulted to the ]iutient 
from this phase of social work. 

Heimann, H. L., Stracham, A. S., and Heyntau, S. C.; Cardiac Disease Among 
• South African Non-Europeans. Brit. Med. J. I’.t-t. Felt, tl'.t, lP2'.t. 

The authors have analyzed the notes of all cases of heart disease among non- 
European patients of the .TohamiOshurg General Hospital Irom Aland). IPtl-l, to 
March, 1928. Although the eases are few in numher, they serve sis !i u.si'ful 
guide for future investigation and rejiresent one of the first rejiorts of this 
disease among a native Afriimn pojmlutioii. The jicrsnns inelnded in thi.s study 
were those working in large towns and eitios and therefore in contact with 
European population. Also they rejiresent the more severe ty])es of lienrt, disase, 
since such people do not apiily for admission until they are in the last stages 
of thi.s disease. In all, there are notes on lo:! eases of which 120 were Kiiflirs, 
31 were. Eurafrican and 2 were Hottentots. F.ighty-onc died in the hospital. 
Approximately two-fifths of the jiatients were of rhenmalic ty))e. Of 1ho.«e 0-1 
patients only about oae-si.\th gave a rheumntie history. There were 8!) eases 
with syphilitic iiifcetioa; 2;" cases had degenerative lesions; l-I cases of bae- 
tcrial endocarditis, and there wore S persons with perienrditie lesion.s. The 
changes found at autopsy were .similar to those described among Ihiropenn and 
American population. 

The authors conclude from this study that there is very little divergence 
between the etiology, pathology and elinie.nl signs of heart disease in F.urojieans 
and African non-Europeans. 

Some important etiological factor in the causation of rheunmtie fever miglit 
lie elucidated by comparing the Katlirs living altogether in the native slate witli 
the Kaffirs in the towns. The medical liistory of the Kafiir.s before the. influence 
of European civilization afrccted him is unfortunately not to he ascertained. 
The climate of South Africa, speaking generally, is one of sunshine and is hot 
and dry. It seems that climntie conditions ns an etiological factor in the 
causation of rheumatism must bo di.scountcnnnced Itere. Na.so])bnryngoal infec- 
tions or bad tcotb cannot bo dismissed ns factors, as tliey commonly occur in 
lospital patient.s. Their evidence in this scries has not boon determined. The 
tie arj factor is a very variable one in the scries. It is clifliciilt to obtain 
exact knowledge but the Kaffir, as a rule, takes a diet of greater carbohydrate 
on cut and Ic.ss fat and vitaminc constituent than the European. 

• 0 regard to nonrlicumalic cases little can bo added to the facts already known. 

Hahn, Richard G.: The Symptom of Sighing in Cardio- 
vascular Diagnosis. Am. J. Af. Sc. 177 : 179 , 1929 . 

in 650 *5rghing has included observation and inquiry of its frequency, 

men whom 400 wore normal controls, nearly all young 

■women. One hundred wore patients of organic licart disease who wore 
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not especially nervous or tired. One liundred -were patients of nervous fatigue 
or effort syndrome without heart disease, and 50 were patients with both organic 
heart disease and effort syndrome. Among the normal control persons sighing 
is a common finding but of frequent recurrence in only 19 persons. It was es- 
pecially common as a frequent event in young women in the third decade of 
life, and it is generally recogniaed that it is this sex at this age that shows 
the greatest degree of nervous instability. 

Frequent sighing is relatively rare in heart disease with or without congestive 
failure if there is no effort syndrome or marlced nervousness. 

In effort syndrome without heart disease excessive sighing is very frequent 
(80 per cent of 100 cases). When effort syndrome or marked nervousness is 
combined with organic heart disease, sighing is common. It is evident from 
the data that in these cases the .sighing comes from the nervous state and not 
from heart disease. 

Levy, Robert L., and Turner, Kenneth B.: Impaired Auriculoventricular Con- 
duction in Rheumatic Fever. Arch. Int. Med. 43: 267, 1929. 

In following a series of cases of rheumatic fever in which frequent electro- 
cardiograms were made, the diagnostic importance of disturbances in anriculo- 
ventricular conduction became apparent. The records of all rheumatic patients 
in the course of nine years showing prolonged conduction or heart-block -were 
critically analyzed in this study. For purposes of comparison all other cases 
showing disturbance in auriculoventricular conduction were similarly reviewed. 
A total of 145 cases was found. Of these 127 showed a prolonged P-R interval. 
More than one-half of these cases were instances of rheumatic fever. This 
prolongation of conduction time is by far the most frequent disturbance in 
this disease. 

The authors have also studied the question of the involvement of the myo- 
cardium in cases of rheumatic fever. In their study they have found that of 
403 patients, 112 (27.8 per cent) showed a long P-B interval. 

A prolonged interval or heart-block occurring in a person under the age 
of thirty-five years who is not syphilitic and has not taken digitalis affords 
presumptive evidence of the presence of rheumatic carditis. This sign is often 
useful in establishing the rheumatic nature of a cardiac disturbance in the ab- 
sence of other criteria. In 3 cases of acute tonsillitis, they found that there 
was definite prolongation of conduction time. They point out that in such cases 
there may be myocardial involvement of a rheumatic nature not recognized 
otherwise. 

Prolongation of auriculoventricular conduction may persist and give evidence 
of myocardial lesions in rheumatic fever long after the other clinical manifesta- 
tions of the disease have subsided. 

Adams, S. Franklin: A Study of the Blood Pressure of Patients with Diabetes 

Mellitus. Am. J. M. Sc. 177: 195, 1929. 

In this study the author has investigated 1001 diabetic patients in the Mayo 
Clinic. Arbitrary standards were chosen for high pressure and low pressure 
groups. The patient of any age was considered to have a high blood pressure 
if the systolic pressure was more than 150 mm. or if the diastolic pressure was 
more than 100 mm. In this group 16.2 per cent of the male diabetic patients, showed 
such an elevation of pressure and 26.7 per cent of the female diabetic patients had a 
similar elevation. The patient of any age was recorded as having low blood pressure 
if the systobc pressure was less than 110 mm. or the diastolic pressure was less than 
70 mm. Of male diabetic patients 15.6 per cent had a systolic blood pressure lower 
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than 110 mm., and 19 per cent of diabetic monicii liad .systolic blood pre.s.sures less 
than 110 mm. These data like those of the high blood pressure group are aver- 
ages for all ages. The final “weighted" averages of the group do not disclose 
'any significant difference between the blood pressure of diabetic patients and 
that of normal persons. 

The author concludes that there is no clear evidence that diabetes of itself 
promotes hypertension. If the blood pressure of diabetic patients is elevated, 
it suggests the presence of some associated abnormality ■which of itself is re- 
sponsible for tho hj'pertension. 

Amherg, Samuel; Hypertension in the Young. Am. J. Dis. Child. 37: 335, 1929. 

Twenty-five children with increased blood pressure and ranging from the 

age of six to sixteen years were examined and treated at the Alayo Clinic during 
the period of about eight years. A study of this group of cases forms the 
basis of this report. 

The author divides the cases into the following groups: (1) hypertension 
associated with coarctation of the aorta; in these patients the elev.ation in 
blood pressure is confined to the upper part of the body, there is relatively low 
diastolic pressure, and there were pulsating superficial areas on the thorax; (2) 
hypertension as the consequence of an organic cerebral lesion; (3) hypertension 
perhaps in the form of so-callcd essential hypiertcnsion; (4) hypertension in 
the form of a syndrome of malignant hypertension, as described by Keith, 
IVegener and Kernohan with changes mainly in tho small arteries and arterioles. 
These cases are eliaraeterizcd chiefly by persistent hypertension, absence of 
higher grades of anemia, adequate renal function at a time when striking 
lesions of the cyogrounds arc visible and rapid fatal ending. The most im- 
portant and constant feature is the extreme diffuscncss of tho histologic changes 
in the arteries and arterioles. These changes show a thickened muscular coat 
and hypertrophy of the lamina clastica -which is split in places. (5) Hj'pcrten- 
sion associated with cardiac decompensation; (6) hypertension intimately asso- 
ciated with disease of the kidney. This whole group is not composed of homo- 
geneous material, but no further attempt at a subdivision is made. 


Eggleston, Cary: The Persistence of a Mitral Stenotic Murmur in the Presence 

of Auricular Pihrillation. Am. .1. M. Sc. 177: 153, 1929. 

It is the purpose of this communication to shou' that it is not uncommon 
to encounter patients udth rheumatic mitral disease and fibrillation of the 
auricles in whom a mitral murmur is clearly heard to continue right up to the 
irst sound of the heart. In a considerable portion of such cases this murmur 
sounds definitely crescendo at its termination in presystole and is, therefore, 
1 entical with that murmur which is regarded as most characteristic of mitral 
s enosis -when the regular sinus rhythm is present. 

i believes that this apparent paradox is due to an auditory mis- 

m erpretation produced by the shortening of diastole and the accentuation of 
the first heart sound. 

definite and distinct murmurs occur with stenosis of the 
with'*^ isolated short murmur occurring synchronously 

or less^ of the auricles. It may be soft, blowing and rather indistinct, 

siou to rough and rumbling. It usually gives the impres- 

influence crescendo. This murmur is correctly attributed to the 

wiurmur ” systole and should properly be called the auriculosystolic 
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The second nuirmur is not limited to prcsystole hut begins at or before mid- 
diastole and continues through to end with the first sound in the heart. It i.s 
almost always coarse and rumbling, and it frequently seems to increase h 
intensity in prosystole so that to the ear at least it appears to be clearly ere- 
scendo at its ending. This is the murmur which is most commonly present and 
as in the case of auriculosystolic murmur it too is very commonly called a 
prcsystolic murmur. Since this murmur occupies a considerable portion of dias- 
tole and is never confined to presystole, it is much better to speak of it as 
the diastblie murmur of mitral stenosis. 

In the course of this investigation in a large number of patients who have 
mitral stenosis and auricular fibrillation, the author has never heard the isolated 
auriculosystolic murmur. The second type of murmur which begins at an earlier 
stage of diastole is the one which may remain after the auricles have passed 
into fibrillation. Its persistence has now been observed in more than 40 patients. 
All of the patients were suffering from rheumatic heart disease, and in all the 
evidences of mitral stenosis were such that this clinical diagnosis could not 
have been called into question. The presence of auricular fibrillation was es- 
tablished by electrocardiography. Several of the patients who died were proved 
at autopsy to have had advanced degrees of mitral stenosis. 

The mechanism by which these murmurs are produced is that of the forma- 
tion of a jet. Narrowing of the mitral orifice yields almost ideal conditions 
for the production of a rapidly flowing jet of blood as the stream enters the 
ventricle. When the stenosis is marked, the jet should occur throughout the 
greater part of ventricular diastole. In very pronounced stenosis it should 
persist until the intraventricular pressure begins to be raised to the level of 
that in the distended auricles by the onset of ventricular systole. Higher grades 
of stenosis are always accentuated by diastolic murmurs, and the duration of 
tlie murmur depends upon the degree of stenosis, the tighter tlie stenosis, the longer 
the murmur. 

The author believes that the murmur under consideration never ends with 
a crescendo reinforcement in the presence of auricular fibrillation. The ap- 
parent crescendo ending is an auditory illusion due to the abrupt termination 
of the rough murmur by the loud sharply accentuated first sound which has the 
pitch that is not widely different from that of the murmur itself. 

Palmer, Robert S., and White, Paul D.: The Clinical Significance of Cardiac 

Asthma. J. A. M. A. 92; 431, 1929. 

In a group of 250 patients with cardiac asthma discovered in the past few 
years among 3100 private and hospital patients with organic heart disease, 
ISO -were males, 70 females, and all except 14 were over forty years. The grave 
prognostic significance of the condition is shown by the fact that 170 of the 
250 patients were known to have died W'ith an average duration of life of 1.4 
years after the first attack of cardiac asthma. The largest number of eases, 
187, was found in a group of patients with coronary disease, hypertension, or 
both, but the highest relative incidence occurred in syphilitic heart disease and 
in chronic nephritis. Left ventricular failure due to any one or a comhination 
of several factors appears responsible for cardiac asthma, but the exact mech- 
anism is not clear. The frequency, duration and severity of the attacks alter 
the prognosis appreciably only when of an extreme degree. The coincidence 
of poor heart sounds, gallop rhythm and pulsus alternans indicated as a rule a 
very short life. Aortic regurgitation usually of syphilitic origin was the only 
common valve defect. 

In therapy, digitalis and rest were generally effective in reducing the number 
of attacks and apparently prolonging life; for treatment of the acute attacks 
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nitrites and alcohol were soiiiotinies helpful, while morphine was of the great- 
est value. 

The mechanism of eariliae asthma as sliulicd in this present group may be 
c.vplaiucd as follows. As a re.sult of left venlricular strain and failure, with in- 
creased flood flow, a stasis of blood in the ])ubnonary eireul.ation develops, the right 
ventricle sending on too much blood for the left ventricle to take care of. 
Gradually this accumulation of blood in the ])ulmonary circuit increases until 
by refle-v stimulation the attack of asthmatic breathing is induced and the 
patient is awakened. By assuming the upright position, the stasis and also the 
strain on the left ventricle are reduced and recovery takes place. 

White, Paul D., and Sprague, Howard B.: The Tetralogy of Fallot. .T. A. M. A. 

92: 787, 1929. 

The tetralogy of Fallot consists of the most common grouping of congenital 
cardiac defects found in adults, namely, (1) pulmonic or infundibular stenosis; 
(2) interventricular septal defect; (.'$) dcxtroj)osition of the aorta, so that it 
overrides the septal defect and thus receives blood directly from the right as 
well as from the left ventricle; and (-1) marked hypcrtro])hy of the right ven- 
tricle. Clubbing of the fingers and cyanosis are invariably present. 

The authors report the case of a notable musician, Henry F. Gilbert, who 
for nearly sixty years of liis life suffered from congentinl heart disease with 
cyanosis and clubbing of the fingers. The case is of interest first because he 
survived to his sixtieth year surpassing in age all patients jiri'viously reported 
by more than 23 years, and secondly and most significant because he made a 
groat success of his crippled life, establishing himself in his musical profession 
as one of the greatest of American composers and as a pioneer of native Amer- 
ican music. The history, accomplishments, physical examination, laboratory data 
and the conditions found post-mortem in this remarkable man are recounted. 

The diagnosis of the cardiac defects was correctly made a year before his 
death. Fallot had demonstrated that this was possible forty years ago. 

The authors report the case, believing that the account of this man’s life 
may bring hope and inspiration to other victims of heart disease. 

Richardson, Edward P., and White, Paul D.; Sympathectomy in the Treatment 

of Angina Pectoris. Am. .T. Al. Sc. 177: IGl, 1929. 

Eight patients -with angina pectoris were operated upon at the Alassachusctts 
General Hospital between August, 1923, and pocember, 1920. Since February, 
1927, paravertebral injections of 85 per cent alcohol according to the method 
of Swotlow have been used instead of operation. 

Among eight patients having eleven operations, there were two operative 
deaths. A lasting benefit followed operation in four cases and was directly 
attributable to it in three. On considering these results early in 1927 the 
authors were on the whole not greatly encouraged in continuing with sympathec- 
tomy of angina pectoris. As an alternative means of treatment it was decided 
to try the effects of paravcrtebr.al injection of .alcohol. 

Altogether eight patients have been treated by this means. These cases as 
a whole were comparable in seriousness to those treated by operation. The 
patients were either incapacitated or bedridden on account of the severity and 
frequency of their attacks. Three of them had coronary thrombosis and so 
would not have been suitable risks for operation; they survived the paraverte- 
bral alcohol injection ivithout difficulty. 

^ Symptomatic relief has more constantly been secured by paravertebral in- 
jections than by operation. While there was a tendency for pain to recur in 
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one or two cases, ^ the relief generally lasted as long as the patients have been 
followed, up to eighteen months in one case. 

The authors believe that treatment is justifiable in carefully selected patients 
who do not respond to other forms of treatment. They summarize the selection 
of cases as folloum: paravertebral alcohol injection, generally of the left upper 
five thoracic nerve roots may be recommended in the treatment of obstinate 
angina pectoris which persists in spite of ample medical measures and u-hich 
renders work impossible and life miserable. With these indications there seem 
to be no contraindications. The injections may be made even after coronary 
thrombosis and doubtless are much less risk than is cervical .sympathectomy. 
It is quite possible that ^pilure of a paravertebral alcohol injection may justify 
operative procedures, but their experience to date would indicate that the therapy 
of first choice for angina pectoris when medical measures have failed is the 
injection method. 

r 

Gilbert, N. C., and Kerr, John Austin: Clinical Results in Treatment of Angina 

Pectoris With the Purine-Base Diuretics. J. A. M. A. 92: 201, 1929. 

All the drugs of this series have been used for the relief of anginal pains 
with ambulatory patients in the out-patient clinic discharged from the medical 
wards of St. Luke’s Hospital, Chicago, since 1917. The authors describe the 
detailed technic of observing patients and the methods of administering these 
drugs. Their results are summarized in tables and are based on a total of S6 
patients. They believe that the purine-base diuretics arc of very definite value 
to many patients suffering from angina pectoris and should at least be given 
a fair trial in such cases. One preparation "may be of greater value than an- 
other preparation %mry similar chemically, and the exact choice will depend on 
the individual study of each patient. 

The authors believe from the study of these patients that the phenomena 
of angina pectoris can best bo explained by a blood flow in the coronary vessels 
inadequate to the needs of the heart muscle at the moment. The purine-basc 
diuretics are drugs capable of producing increased coronary flow. Beneficial 
results could then be expected when an increased coronary flow was not pre- 
cluded by advanced anatomic changes in the- ymssels. 

Eddy, Nathan B., and Hatcher, Robert A.: The Seat of the Emetic Action of 

the Digitalis Bodies. J. Pharmacol. & Exper. Therap. 33: 295, 1928. 

The present investigation shows that nicotine abolishes the emetic action 
of pure digitalis principles which are in common use and also that of many 
of the crude drugs of this group. 

A severely toxic dose of nicotine may be administered to a cat every half 
hour during many hours, showing that the drug is eliminated rapidly, but the 
action of nicotine whereby it abolishes the emetic action of digitalis bodies 
persists for three hours or more. 

Dresbach, Melvin, and Waddell, Kenneth C.: The Emetic Action of Digitalis 

Bodies and Strophanthidin in Cats With Denervated Hearts. J. Pharmacol. & 

Exper. Therap. 34-: 43, 1928. 

The authors have examined experimentally the hy'pothesis that the origin 
vomiting induced by digitalis bodies arises in the cardiac muscle by denenatmg 
the heart of the cat in survival and acute experimetns. 

It was shown that with the heart thoroughly denervated in survival o.xpen 
ments digitalis bodies or strophanthidin or both induce emesis with certainty. 
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It was further shown in aeuto experiments luid in wliieh tlie tune for re- 
covery from operative elTects was greatly reduced that the animals failed to 
vomit in the greater number of eases. The conditions of the experiments in these 
cases strongly suggest, in the light of tho.se of the longer method, that it is 
not safe to use the shorter method in the attempt to locate the scat of action 
in digitalis emesis. 

The conclusion drawn is that in experimental animals, the heart cannot be 
said to be the solo s'eat of action of digitalis cme.sis; whether or not the same 
thing may bo true of this emesis in intact animals is not yet known with 


certainty. 

The possibility of strophanthidin .acting on the peritoneum, as well as on 
the heart, to induce emesis is examined and seen to be not well founded, though 
such a possibility has not been disprovetl. 


Bond, W. E., and Gray, E. W.: The Supposed Influence of Polarized Light on 

the Deterioration of Digitalis. J. Pharmacol. & Exper. Therap. 32: 351, 1928. 

Studies have been made in connection with the deterioration of digitalis 
with age, particular attention being paid to the conditions under which the 
preparations have been stored. In view of the fact that certain tinctures 
exposed to daylight and artificial light for a period of time ranging from one 
to five years did not .show any appreciable change in toxicity when assayed 
by the cat method and with the support of experimental evidence on tinctures 
radiated with polarized light of considerable intensity, the authors believe that 
the potency of digitalis preparation.s, as judged by the cat method of assay, 
is not lowered by exposure either to ordinary or to polarized light. 


Gold, Harry, and DeGraff, Aidhur C.: Studies on Digitalis in Ambulatory Cardiac 
Patients. 11. The Elimination of Digitalis in Man. J. Clin. Investigation 6: 
G13, 1929. 

The authors have been studying the various phases of the iiucstiou of the 
elimination of digitalis and the duration of its cfl’ccts in man. The studies 
have been carried out upon ambulatory cardiac patients with auricular fibrilla- 
tion because in these the onset and disappearance of digitalis effects could be 
established wdth greater precision. The ventricular rate was used to indicate 
the intensity of the digitalis action, and this was particularly satisfactory in 
that group of patients wdio arc in this respect very sensitive to the drug, in 
whom marked changes in the ventricular rate occur readily when the drug is 
given or withheld. 

Two assumptions form the basis of the present study: first, that if a given 
degree of depression of conduction lias been produced by digitalis and this 
effect IS not increased in intensity by the administration of a fixed daily dose 
for weeks or months and no toxic symptoms occur, the patient is capable of 
eliminating that dose; second, if a fixed daily dose of digitalis produces pro- 
gressively increasing depression of conduction, that dose is greater than the pa- 
tient IS eliminating. Thirty-four satisfactory tests were carried out on a series 
of 23 patients. 

conclude that the daily excretion dose is a misconception and 
a e amount of digitalis eliminated in a day cannot bo stated as a given 
conditions but varies with the amount of the drug present 
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Parkinson, John, and Camphell, Maurice: The Quinidine Treatment of Auricular 

Fibrillation. Quart. J. Med. 22: 281, 1929. 

Tire object of this study has been to assess the value of quinidine in the 
treatment of auricular iibrillation in hospital and private practice and to sec 
what advantages it may possess. The authors have studied 20 patients with 
paroxysmal and 44 with established fibrillation in whom quinidine seemed more 
appropriate than digitalis. As they were selected as occasion rose during five 
years, it is obvious that only a small proportion were thought suitable for this 
treatment. 

Nine out of IS cases of paroxysmal Iibrillation were much improved, the 
attacks being abolished or greatly reduced for as long as the patient was under 
observation. In one-fourth of the cases the advantage was only temporary, and 
in the remainder there was no improvement at all. Quinidine, therefore, is 
the best treatment for this type of fibrillation whenever the attacks are of such 
length or frequency as to justify continuous medication provided the patient 
is well enough in the intervals. Its use for this purpose is devoid of risk. 

In selecting patients ivith established fibrillation as suitable for treatment 
with quinidine, attention W'as paid to the etiology, to the duration of fibrillation 
and to the clinical condition, especially to the size of the heart and the signs 
of failure. The results were best of all where there was no rheumatic vahnilai 
disease and no hyperthyroidism, for all those in whom the arrhythmia was the 
only evidence of heart disease still have normal rhythm after an average period 
of two years. In these 44 selected patients wdth established fibrillation, normal 
rhythm was restored in 30 (68 per cent). In 23 patients, more than half of 
all who were tj'eated, normal iliythni not only was restored but also ■'^as 
still maintained after an average period of more than two years and in one 
patient after five years. Four of those patients had short temporary relapses 
which wmre readily brought to an end wdth quinidine. The other seven of the 
thirty successes kept well for an average period of eighteen months before they 
reverted to fibrillation. With two exceptions all patients were strikingly 
better for the return of normal rhythm. Some were much better than they hud 
been previously when taking digitalis, and many are now living such active lives 
that it is difficult to think that they could have been equally well with digitalis 
treatment. 

Severe toxic effects were seen in two patients. Embolism, which occurred 
in two others but left no permanent disability, was found no more frequently 
in quinidine than under digitalis treatment. One patient died suddenly while 
taking quinidine. 

When fibrillation has been established for more than six months, when there 
is a large heart or gross congestive failure, or when there is active rheumatic 
or syphilitic infection, there is more danger in using quinidine and less chance 
of lasting success. 

The onset of fibrillation in a patient enjoying good or even moderate healtn 
should be regarded as a medical emergency^ Quinidine, if it is used at once, 
is generally a safe and effective remedy and normal rhythm may be maintained 
for years. 
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THE VENTRICULAR RATE IN AURICULAR FIBRILLATION 
STUDIES AVITH THE CARDIOTACHOMETER* 

Ernst P. Boas., M.D. 

New York, N. Y. 

\ URICULAR fibrillation is characterized clinically by a rapid, com- 
pletely irregular, ventricular rate. The accepted explanation of 
tins irregular tachycardia is that the auriculoventricular node and the 
bundle of His, owing to their refractory period, are unable to transmit 
the impulses of all the many fibrillaiy contractions of the auricles 
which are taking place at a rate of about 450 a minute. In the lui- 
treated patient from 100 to 200 auricular impulses a minute reach the 
ventncles effectively at irregular intervals’ and initiate ventricular 
contractions. When a patient with auricular fibrillation is treated 
with digitalis, a block in the conducting tissue that joins auricles and 
ventricles is produced ivliich prevents the passage of most of the auric- 
u ar impulses. In practical therapeutics the ventricular rate is thus 
vecueed to 70 or 80. Excessive doses of digitalis may, however, lead 
0 complete heart-block and idioventricular rhythms of from 30 to 40. 
V « digitalis is twofold : it increases the activity of the 
in doiy center, and it acts directly on the conducting tissue, 

of ^ causing diminished conduction or block. Other methods 

ad" ! yy "T'" """ fibrillation, such as 

neck 01 idiysostigmine’ or pre.ssure on tlie vagus in the 

veiitrieuiyTT" T ^ «ie 

the known !’ T^’ f ‘ ‘ examine 

fibrilUte w! finTu the ventricular rate ivliile the auricles 

Tbe sam! cans! a! ^^^^^’t-block may always be ascribed as the cause. 
It woulrl y vednces the ventricular rate in clinical eases. 

'•i patient with y!!' "’^^^^tion that the ventricular rate of 

balizecl and in x!] fibrillation^ who^ had been thoroughly digi- 

would be fairlv ^crefore, a digitalis block had been produced 

1 ^ distant, that it would not markedly accelerate or 

Tl>iR xvo^ Ivjf amecf Chronic Diseases. 

a>aea b^ a grant of money from Mr. Henry D. Moses. 
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retard in response to various extraneous stimuli. But as a matter of 
fact tlie ventricular rate of many patients with auricular fibrillation is 
variable from moment to moment, and this is the subject of tlie 
present studju 

The rate and rhythm of the normal heart are determined by the sino- 
aurieular node, the well-known pacemaker of the heart, which in ton 
is governed by the activity of the accelerator and the vagus nerves. 
When the auricles fibrillate, the sinus node no longer functions, and its 
chronotropic regulation by the extrinsic nerves of the heart is no 
longer possible. These nerves now affect the ventricular rate by alter- 
ing the degree of block in the conducting tissue between auricle and 
ventricle, and this they do in a degree far greater than is generally 
recognized. Indeed, so well-informed a man as de Boer^ has stated 
that when the auricles fibrillate the nervous regulation of the heart by 
the vagus and aceelerantes is lost for the most part. 

Mackenzie^ recognized the great variability and lability of ventricu- 
lar rate in patients with auricular fibrillation and believed that this 
was due to loss of control by'- the cardiac nerves. He described the 
great increase in ventricular rate following exercise and noted that 
after adequate digitalis dosage this reaction could be greatly dimin- 
ished. He also described patients who at first need digitalis to main- 
tain a slow ventricular rate, but who after a time do very well without 
digitalis. In these cases lie believed the auriculoventrieular node had 
become less excitable. 

That vagus stimulation slows the ventricles during auricular fibrilla- 
tion was demonstrated in animals as earty as 1905® and many times 
subsequently, as Avell as that cutting the vagi of dogs with auricular 
fibrillation increases the v'entricular rate.® That the vagus controls 
the ventricular rate in patients with aui’icular fibrillation has been 
shown by Robinson,^ and by Fahrenkamp,® Weil® and Semerau^® -who 
found definite sloiving following pressure on the vagus in the neck ni 
79 per cent of cases of auricular fibrillation. They'- claim that patients 
with heart failure and rapid ventricular rates react more often than 
those who are compensated and whose ventricular rate is slow. There 
seems to be a parallelism between reactivity to vagus pressure and to 
dio'italis. It is said that hearts which slow under vagus pressure, slow 
more readily under digitalis medication than do those that do not 
show the vagus effect. 

Kilo-ore^’^ reported cases of auricular fibrillation with a periodic ac- 
celeration and retardation of ventricular rate apparently synchronous 
with the respiratory movements. lie attributed the effect to fluctua- 
tions of conductivity of the bundle of His determined by the vagus. 

Althouo-h many have noted an increased ventricular rate after exer- 
cise in patients Avith auricular fibrillation, the most careful study has 
been made by Blumgart."- He found that as compared to the normal 
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heart the heart with fibrillating auricles responds to exercise by a dis- 
proportionate rise in ventricular rate and by a delayed return to the 
previous resting rate. The same patients were retested after the 
heart’s mechanism had been returned to normal by the administration 
of quinidine, and a similar reaction was observed. He concludes, 
therefore, that this exaggerated reaction is due not to the auricular 
fibrillation but to an additional factor. This factor may well be a 
valvular lesion or myocardial weakness. I have observed similar re- 
actions in patients with mitral stenosis and regular rhythm. Blumgart 
found that tincture of digitalis in doses of 30 minims a day did not 
protect the ventricles from this exaggerated response to exercise. The 
resting heart rates of his digitalized patients were 76 or over except 
in two instances in which the rates were 58 and 68. Even in these 
cases he observed rises of ventricular rate of 67 and 62 re.spectively 
after exercise. Mackenzie'^ on the other hand claims that if adequate 
doses of digitalis are given this exaggerated response of the ventricles 
to effort can be controlled. Lundsgaard^* has made similar obser- 
vations. 

Gallavardin^® has described patients with auricular fibrillation with 
ventricular rates of from 35 to 50 due to partial heart-block and at- 
tacks of syncope, who showed an increase in ventricular rate (in one 
ease from 40 to 117) following exercise. 

The acceleration of ventricular rate in patients with auricular fibril- 
lation following the administration of atropine has long been known. 

In auricular flutter the ventricles react as a rule to every second, 
third or fourth auricular beat. Vagus stimulation or digitalis slows 
the ventricles by producing a partial heart-block, exercise and excite- 
ment exert the reverse effect.^^ 

It is evident from these many observations that even when the 
auricles fibrillate or flutter the ventricular rate is under control of the 
extrinsic nerves of the heart. The significance of this in the clinic, 
however, is not fully appreciated. 

I have studied the ventricular rate in a group of patients with 
amieular fibrillation and auricular flutter by means of my cardio- 
achonieter.^^ This is an instrument which counts the ventricular rate 
automatically over long periods of time while the subject is pursuing 
us 01 dinary physical activities. Registration is not disturbed b.y 
exeieise. The action current of the heart is led from the chest by 
special electrodes through wires from 60 to 100 feet long to a speeially 
I’udio amplifier ivhich amjilifies it some 6000 times. Thu 
elect ^ current operates a relay system which in turn operates an 
pen counter which counts the heartbeats. In addition a 

tients ^ uioving tape records every beat of the heart. Pa- 

''vere kept under observation from fourteen to twenty-four hours. 
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Figs. 1 and 2 represent twenty-four-hour records of the ventricular 
rate in a girl fourteen years old with mitral stenosis and am’icular 
fibrillation; Fig. 1 undigitalized, Fig. 2 after 23 e.c. of tincture of 
digitalis had been administered in the preceding ten days. The patient 
was in bed unless it is otherwise noted. The great lability of the heart 
rate is apiparent in both records. The range of variability is if anj^- 



Fig. 1. — Auricular fibrillation ; undigitalized. Total time 19 hours, 36 minutes. Total 

heartbeats 137,101. 



Fig. 2. — Auricular fibrillation ; digitalized. Total time 23 hours, 33 minutes. Total 

heartbeats 107,291. 


thing greater when the patient is under the influence of digitalis but 
takes place at a lower level. It is striking to see liow relatively slight 
activity, such as that involved in eating, will accelerate the ventricles 
from 15 to 20 beats. AValking provokes an increase in rate of from 33 
to 46 beats a minute. Sleep on the other hand slows the ventricular 
rate, the drop being most marked after several hours of sleep. jPig. 3, 
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i^epresenting very frequent readings in a man Avitli auricular fibrilla- 
tion v’lio was under the infiuenee of digitalis, shows these constant 
variations in ventricular rate still more clearly. A simple conversation 
.suffices to produce an acceleration of 38 beats; Avalking provokes a rise 
of 73 beats; eating provokes a rise of 8 beats a minute;- and a- short 


nap reduces- tlie rate by IG- beats a hunutc. 

These charts demonstrate A’ery clearly that if the' generally accepted ’ 
explanation of the mechanism of ventricular activity in auricular-' 
fibrillation is correct — and there is every reason to suppose that it is 
—the frequency of ventricular contraetiou is under control of the 
vagus and accelerator nerves. The activity of these nerves is con- 



Piff. 3. Auricular abrillation. Variabilit.v in rate. rcadinfr.s every fey min 

utes ; rc-adin.?s every 1 T> mimile.s. 


stantly manifest by changes in rate in response to manifold stimuli, 
just as in normal sinus rhj'^thm. Their mode of action in auricular 
nllation is different, hoAvever, .for instead of regulating the speed 
0 impulse formation in the sino-amficular node, they act b.y altering 
le lefraetory period or the conductivity of the auriculoventricular 
310 e and the bundle of His. In view of the fact that both vagus and 
sy mpathetic inosculate around the auriculoventricular node, as nvell as 
aroun the sinus node, this phenomenon is quite comprehensible. 

normal sinus rhythm sIioav Avidely varying degrees 
to bp ^ f phlegmatic the rate tends 

tion of ti V high-strung, acceleration and retarda- 

are response to the manifold stimuli of everyday life 

excessive. A similar increased lability is seen in patients Avith 



504 


THE AMERICAN HEART JOURNAL 


Graves’ disease and during fevers as well as during convalescence 
from acute infectious diseases. Patients with auricular fibrillation 
vary similarly in the degree of lability of their ventricular rates. These 
different types of ventricular response depend not on the auricular 
fibrillation as such but on the activity of the extrinsic cardiac nerves. 
Their recognition is of the utmost importance in therapeutics, for suc- 
cessful treatment with digitalis predicates an understanding of the 
effect of neurogenic factors on ventricular rate. 

Patients with auricular fibrillation have been grouped according to 
their ventricular rates. Semerau® in a study of 111 cases found 71 
cases or 64 per cent with rapid rates, i.e., rates over 80, and 37 cases 
or 33 per cent with slow rates, i.e., under 80. About 10 per cent of 
the cases had ventricular rates under 60. This distinction was made 
by Mackenzie^'* in 1911, who noted that slow rates were found in older 
patients suffering from the degenerative forms of heart disease. In 
these patients, in his experience, the ventricles slowed but little under 
digitalis therapy. He attributed the infrequent ventricular beats to 
organic block in the conducting tissue. Later authors have largely 
followed his interpretation.-® 

But this explanation is not altogether satisfactory. Block in the 
auriculoventrieular conducting tissue may be due to actual lesions in- 
volving the tract ; it may be functional due to an increase in the num- 
ber of auricular impulses showered upon it ; it may be due to impaired 
nutrition ; it may be determined by vagus action or by the effect of 
drugs, such as digitalis. On the other hand it has been shown experi- 
mentally that conduction may be improved by stimulation of the ac- 
celerator nerves and that in auricular fibrillation this leads to an in- 
creased number of ventricular beats.-^ Both Gerhardff^ and Cushny"’ 
saw in this mechanism the explanation of the phenomenon that in 
patients with auricular fibrillation and a slow ventricular rate the rate 
becomes I’apid when the heart becomes insufficient due to overexertion 
or infection. Exercise hastens the ventricular rate in the same way. 
This is quite analogous to the reaction to exercise noted in certain 
patients with complete heart-block in whom the block is temporarily 
lifted, due to the “work refiex” via the accelerans.*^ 

It is evident that the varying ventricular rates encountered in pa- 
tients with auricular fibrillation cannot for the most part be explained 
bj^ assuming different degrees of heart-block on an anatomical basis. 
It seems clear from the evidence in the literature as well as from the 
lability of rate shown in my records that the activity of the extrinsic 
nerves of the heart must play’- a considerable role. Hoffman”® is one 
of the few authors to emphasize this view. Robinson^® points out that 
the cause of ventricular slowing following rest is unknown. 

Indeed a number of facts demand explanation. Why is the ven- 
tricular rate usually very rapid at -the first onset of auricular fibrilla- 
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tion, particularly wlien the fibrillation occurs in paroxysms ; and why 
does the' ventricular rate become slower when the disturbance of the 
auricular mechanism becomes permanently established? Why do cer- 
tain of these patients at first exhibit rapid ventricular rates requiring 
continuous digitalis dosage and then after a period of such medication 
show ventricular rates below 80 long after digitalis has been discon- 
tinued? Why do these same patients after an intercurrent infection 
or physical overstrain revert to high ventricular rates and again re- 
quire large amounts of digitalis? Why is the ventricular rate of pa- 
tients with exophthalmic goiter and auricular fibrillation rapid, as a 
rule, even after digitalis medication? I have observed this a number 



I. Auiicular fibrillation ; partly cligitalizecl. Total time 25 hours, 49 minutes. 
Total heartbeats 150.304. 


of times, and it is ivell shown in the case reports of Baumgartner, 
Vebb, and Schoonmaker,-® although they do not draw attention to it. 
I believe that these phenomena can be explained on the basis of 
a teiation of tone of the vagus and accelerator nerves. For instance, 
le sympathetic nervous system is hyperactive in exophthalmic goiter, 
ns would increase the conductivity of the conducting tissue of the 
wait and so allow a more rapid ventricular rate. There is further 
evidence of the correctness of this view. 


atients ivith auricular fibrillation may be classed in two groups: 
^ those udth a relatively stable ventricular rate, 

ner^^^ ^ labile ventricular rates are usually high-strung and 
vous, they correspond to individuals with normal rhythm and 
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sjniiptoms of neuroeirculatory asthenia. Emotional surges and physi- 
cal exertion provoke exaggerated rises in ventricular rate;' rest and 
sleep are accompanied by lo-\v ventricular rates. This lability of ven- 
tricular response persists after thorough digitalization. Individuals 
with stable ventricular rates are, as a rule, calm and phlegmatic. The 
ventricular rate responds only to a moderate degree to emotion and 
exercise and is readily kept under control by digitalis. 

Case 1, a young man Avith rheumatic mitral stenosis and aortic in- 
suffieieuc.y, had a Axnitricular rate of about 200 ivlien first seen. Pres- 
sure on the ej^ehall effected marked slowing of the ventricles and made 
possible the recognition of the absolute irregularity Avhicli Avas ob- 



Fig. 5. — Auricular fibrillation; 75 c.c. tincture of digitalis, July 22-August 17. non( 
since then. Toial time 16 Jiours» 53 minutes. Total heartbeats 114, *.51. 


secured by the rapid heart action. The patient Avas nervous and high- 
strung and had a marked anxiety neurosis. Although he received 3 
c.c. of tincture of digitalis daily for scAmral iveeks, his A'entrieular ra.te 
remained rapid and verj labile. His cardiotachometrie record (Fig- 
4) Avas taken after he had receh'ed 28 c.c. of tincture of digitali.s iu 
thirteen days folloAving the jireAdous dosage. The lability of Amntiieii 
lar rate, the exaggerated response to exercise, the marked drop during 
sleep are eAudent. 

Cases 2 and 3 are similar in type: high-strung individuals Avliose ven- 
tricular rates Avere usually rapid during their Avaking hours, sloAving 
to 85 and 76 during sleep. Case 2, a man thirty-seven years old, AVith 
rheumatic mitral steno.sis and cardiac insufdciency, under heavy doses 






nOAS; VKNTUU'UhAU KATK IS AIMMCUKAK KiniUl.hATION .l0 1 

of di-Ualis had a ventricular rale of 8d, yet at other times in spite of 
even Wei* dosage the rate was 120. Several times a week he had 
paroxysmal attacks of vapid ventricular rate of from 150 to IGO ac- 
companied bv pain in the preeordium and a sense of clioking. The 
eardiotachomctric record (Fig. 5) clearly illustrates the marked labil- 
ity of ventricular rate and in particular the jn-ofound drop during 
sleep. This reduced ventricular rate during sleep is shown by all 
patients with auricular fibrillation and is analogous to the drop in 
rate observed in indiA’iduals with normal sinus rliytbni. It i.s duo ap- 
parently to the great diminutiou during .sleep of physical and psycliie 
stiiunli which act refiexJy on the Imart. Subsofpiontly this patient 
received much larger dose.s ol digitali.s — 51 c.c. of the liuctuic in ten 





lOfr. S.—AuHcuIar fllylllation. tiiutiiiv of (IlKittills ;?.’i c.f. f/nrii .Al.arfti 20-AIarcli CS. 
Total tinio IS .IS nilmit*.*^. Total Iu'artl)i'at.« IIS, i IS. 

days, or three times the bocly-weiglit dose. 'J'his kept his ventricular 
rate at about 86 even during his waking Jiours. 

Case 3, a man witli rluMiniatic mitral stenosis, aortic insulliciency, 
and auricular fibrillation liad received 33 c.c. of the tinetiire of digi- 
talis in eight days. Tlie ventricular rate at rest was 85. The .slightest 
excitement, such a.s that occasioned by the ajijiroach of a phy.sician or 
a nvu'ise, induced a rate in the neighborhood of 160, which dropped 
an y giadually. He has a marked anxiety neurosis, and many of the 
■^.'niptoms ot neurocirculatory astlienia. TJie periocls of rapid ven- 
^ucular cate are accompanied by flushing of the face. His curve 

6 ) shows the rapidity of his ventricles during the day and the 
i«arked drop during sleep. 

^ Cases 4 and 5 show the contrast between the labile and tlie phleg- 
la 1 C types to better advantage. They are two hoy.s Avith rheumatic 
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valvular disease and auricular fibrillation, both thirteen years old 
The fii’st has mitral stenosis, and' the second has mitral stenosis and 
aortic insufficiency. 

In Case 4 (Fig. 7) without digitalis the ventricular rate ranged from 
81 to 120 and was fairly steady. After small doses of digitalis, only 
13 c.c. of the tincture spread over twenty-one days, the rate dropped 
considerably and became still more stable. On the other hand Case 5 
(Fig. 8) when untreated had a ventricular rate 'which ranged from 98 
to 167 and did not drop below 100 during sleep. After 24 c.c. of 
tincture of digitalis in seven day^’s his ventricular rate showed a very 
satisfactory drop but not so low a range as that of the other. hoy. 

It must be borne in mind that all these patients have hearts with 
other damage in addition to the auricular fibrillation. They have 
valvular disease and varying degrees of mymeardial insufficiency^ Such 
hearts even with normal rhy^thms show a marked lability of rate in 



Fig. T-a . — Auricular fibrillation ; undigitalized. Total time 22 hours, 1 minute. 
Total heartbeats 121,362. 

b . — ^Auricular fibrillation ; digitalized. Tincture digitalis 10 c.c. from May 10-May 
20. Tincture of digitalis 3 c.c. from May 26-May 31. Total time 16 hours, 22 min- 
utes. Total heartbeats 66,670. 

response to various stimuli. That this plays a role in the cases undei 
discussion has been shown by Blumgart.^- But even this effect must 
take place through the intermediation of the nervous system. Al- 
though the ventricles of hearts wdth fibrillating auricles ai-e under 
control of the cardiac nerves and react by changes in rate to the many 
stimuli engendered by the bodily functions, this regulation is not so 
well adapted to fit the cardiac response to the circulatory needs of 
the body. There is overshooting; the reaction is often excessive. 

All of the above observations lead to a number of interesting and 
practical conclusions. They illusti'ate again very clearly that the 
action of a drug depends just as much on the reaction of the individua 
subject as on the innate properties of the drug. The dosage of digi- 
talis necessary to achieve a certain effect will depend as much npo 
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tlie vagus-accelerator tone as upon the body weight of the patient. 
Patients with different nervous constitutions react differently to iden- 
tical doses of digitalis when their auricles are fibrillating. Those who 
are liigli-strung and anxious have rapid ventricular rates, and larger 
quantities of digitalis are required to slow the ventricles. The ven- 
tricular rate remains labile even after much digitalis has been ad- 
ministered and after the characteristic changes in the T-wave, indica- 
tive of digitalis action, have appeared. Individuals who are more 
phlegmatic tend to have slower ventricular rates which are readily 
retarded and stabilized by the usual doses of digitalis. The first group 



time 23 hours, 3 minutes. 

MarS7^'”xottl ^^^italized. Tincture of digitalis 24 c.c. from March 1- 

lotai time 13 hours, 28 minutes. Total heartbeats Gl.SSl. 


seems to tolerate very large doses of digitalis without exhibiting any 
oxic action such as nausea or bigeminy. 

ti Making due allotvanee for different rates of absorption and elimina- 
to h individuals, this varying tolerance to the drug seems 

e ana ogous to the well-known variation in tolerance of different 

infiidM spastic colitis, for instance, tolerate 

case of atropine than do other individuals. In the 

svmnai-h whom there is apparent overactivity of the 

e 1C nervous system are resistant to the action of the drug. 

lav labile group of patients with aurieu- 

lon to supplement the action of digitalis with sedatives and 
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psychotlierapy. It is also important to remember that tliese patients 
require larger quantities of digitalis than their body-weight calcula- 
tion would indicate. The great value of rest and sleep as restoratives 
in cardiac insufficiency is evident from the graphs. 

summary 

The ventricular rate of patients with auricular hbrilJatioii has been 
studied by means of the cardiotacliometer. It has been shown that tlie 
ventricular rate is variable, that it accelerates in response to the slight- 
est exertion or emotion, and that it slows during rest and particularl.v 
during sleep. All the evidence indicates that the ventricular rate iu 
these patients is under control of the cardiac nerves and that altera- 
tions in rate are governed b.y neurogenieally determined changes in 
conductivity of the specific conducting tissue of the heart. The changes 
in ventricular rate arise, apparently, in response to the varying physio- 
logical needs of the body just as in health, but the reaction is not so 
well regulated and is often excessive. 

Patients with auricular fibrillation may be classed in two groups-, 
those with labile and those with stable ventricular rates. The former 
are high-strung and nervous and correspond to patients with ueuro- 
cireulatory asthenia. Their ventricular rates tend to be rapid, and 
quantities of digitalis in excess of the bodjMveight dose are required 
to keep the ventricular action slow and stable. In addition it would 
seem that sedative and psychotherapeutic treatment should assist 
materially in slowing the ventricles. In the stable group the ventricles 
do not exhibit such an exaggei'ated response to physical and emotional 
stimuli and can readily be kept under control by the usual methods 
of digitalis therapy. 

The value of rest and sleep in the treatment of patients with auricu- 
lar fibrillation, a fact well known, is forcefully demonstrated by actual 
count of the number of heartbeats bj'- means of the eardiotaehometer. 
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THE ORAL ADMINISTRATION OP CALCIUM CHLORIDE IN 
CONGESTIVE HEART FAILURE* 

Harold J. Stewart, Jil.D. 

New York, N. Y. 

T N THE treatment of patients suffering from heart failure there are 
often present edema and collections of fluid in the serous cavities 
which are refractory to removal by drugs, such as digitalis, novasurol, 
and the theobromine diuretics which are commonly in use. For this 
reason it is desirable to test thoroughUj- measures which promise to be 
of benefit in these eases. 

In 1921 and 1922 Blum^ and his eoworkers described a new group of 
diuretics. According to their conception edema is caused by the re- 
tention of sodium ions ; sodium ions in being retained hold water which 
accumulates in the tissues and serous cavities. They found that diure- 
sis was induced in cases of edema of nephritic origin, in cirrhosis of 
the liver with ascites and in inflammation of the liver with fluid ac- 
cumulations by the oral administration of salts of calcium, potassium 
and strontium. They thought that the sodium ions in the tissues were 
replaced by calcium, potassium or strontium ions; that they were ex- 
creted as sodium chloride and in being excreted cai’ried water with 
them. In this Avay water was removed from the tissues. They were 
of the opinion that diuresis occurred by the “replacement of ions.” 
Though they believed that this grouj) of diuretics was effective in the 
conditions just mentioned, they stated that they were usually ineffec- 
tive in edema due to heart failui'e and gave warning that the use of 
them in these eases was dangerous. 

At the time this series of papers appeared we had under obseivation 
a patient whom we were unable to free of edema by limitation of 
fluids, by the use of a diet free of salt or by the administration of 
digitalis and the usual diuretics. This patient we succeeded in making 
free of edema by giving calcium chloride by mouth. Prom this ex- 
perience we were led to give the salt to a small number of patients; 
a preliminary report has already appeared.^ 

Since the appearance of Blum’s papers, Keith, Barrier and Whelan’ 
have reported the occurrence of satisfactory diuresis in eases in which 
there was edema due to nephritis, following the report of Atehley, 
Loeb and Benedict concerning a patient who suffered from edema oc- 
curring in the course of diabetes. Recently, Segall and White,’ after 
giving calcium chloride to a number of patients, concluded that it 

•From the Hospital of the Rockefeller Institute for Medical Research, New Tork. 
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may be employed as a diuretic "in cases of cardiac failure with edema 
ill wliicli constant rest in bed, digitalization and administration of 
various diuretics have not resulted in satisfactory diuresis.” 


IklETIIOD OP INVESTIGATION 

Calcium chloride was administered orally to six patients suffering 
from heart failure in whom edema was present. All patients were sub- 
jected to a preliminary period of rest in bed. They were given a fixed 
amount of fluid per day. These conditions were maintained during 
the administration of calcium chloride. It was given as a concentrated 
solution. Divided into two doses, 15 gm. were usually given a day. 
It was followed by a small amount of orange juice for relief of the 
bitter taste. After taking calcium chloride patients complained occa- 
sionally of a burning sensation in the epigastrium or of abdominal 
cramps. These symptoms were, however, not severe. One patient 
(Case 3) vomited on one occasion and another (Case 2) on two occa- 
sions. Other untoward s.ymptoms Avere not encountered. In some 
observations calcium chloride was giAmn alone ; in others it Avas giA'cn 
to patients Avho had first receiA'cd a sufficient amount of digitalis to 
affect the T-Avave of the electrocardiogram or to sIoav the ventricular 
rate in auricular fibrillation. In still furtlier observations, the admin- 
istration of calcium chloride Avas folloAvcd by that of digitalis. A fcAv 
patients Avere the subjects of the three sets of observations, klost of 
the patients Avere those to Aihoin other diuretics had been given Avitli- 
out effect. 


OBSERVATIONS 

Case 1. — S. P. (See Case 18, Stewarto) Avas a Avoman, 24 years old. Slie Avas 
under treatment in the liospital from September 13, 1022, until July 29, 1924. 
The diagnosis* Avas; Etiological: acute rheumatic foA-cr (inactiA’e) ; anatomical: 
cardiac hypertrophy, mitral stenosis and insufficiency, aortic insufficiency, left 
ventricular preponderance; physiological: auricular fibrillation, congestive heart 
j.ailure. She was admitted to hospital because of shortness of breath and edema 
of the legs. She liad suffered from numerous attacks of acute rheumatic fever 
between the ages of five and eiglitoen years. Cardiac involvement occurred at the 
time of the first attack. The heart Avas very nuich enlarged. There Avere signs of 
mitral stenosis and insufficiency and of aortic insufficiency. The systolic blood 
pressure measured 110 to 115 nun. of mercury and the diastolic 70 mm. Auricular 
hrillation^ Avas present. Prom September, 1922, until June, 1923, the patient Avas 
given a diet free of salt, and the fluid-intake Avas restricted to 1500 c.c. a day. 
tle^ given digitalis either alone or combined Avith diuretin or theocin. By 
sporadic increases in volume of urine Avere obtained, but only rarely 
da ^ continue long enough to make the patient free of edema for even 

mouth patient Avas giA-^cn calcium chloride 15 gm. a day by 

day wh™ 1°**^ volume of urine had been 1300 c.e. a 

eWorld ^ ^ taking 1500 c.c. of fluid a day. On the first day that calcium 
— ! the volume of urine Avas 1265 c.c., 673 c.c. on the second, 1575 

the ArnoHcafr Heart the nomenclature for cardiac diagnosis approved t>j' 
neart Association. Am. heart J. 2: 202, 1926-1927. 
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c.c. on the third, 1970 c.c. on the fourth, and 2210 c.c., 1706 c.e. and 1769 c.c. on 
tiie three days following, although during these ealeium chloride was not given. 
The patient lost 0.8 kg. in weight, and the edema disappeared. Edema reappeared 
as soon as diuresis stopped, and on the third day after the end of diuresis, calcium 
chloride was accordingly given again on live days. One day only the output rose 
to 1800 c.c. Edema decreased. After an interval of three days (during which 
the volume of urine decreased to 400 c.c. per day, and edema increased) calcium 
chloride was given again. The day the administration of ealeium chloride was 
begun, digitan 0.9 gm. was also given. The output rose to 1730 c.c., 1750 c.c., 1666 
C.C., 1325 c.e., 800 c.c., and 1805 c.c. respeetivelj^ on the six days that it was given 
and remained 1853 c.e., 1880 c.c., 1438 c.c., and 1790 c.c., on the four days after- 
ward; it fell then to 1200 c.e. The patient lost 1.5 kg. in weight and became 
free of edema. She rvas given no drugs from June 27 to July 20. At the end of 
this time edema recurred and she gained 3.0 kg. in weight; the output of urine 


S.F 4501 



EiS. 1. — Shows the effect of the administration of calcium chloride upon the volume 

of urine in Case 1. 


was approximately 1000 c.e. a day. Calcium chloride was then given on four dajs. 
On the first three clays the output of urine was 705 c.e., 750 c.c., and 785 c.c., 
respectively. Diuresis did not begin until the fourth day when the output rose 
to 1595 c.e., and was 1695 c.c., and 2065 c.c. on the next two days. The patient 
lost 1 kg. in weight. Edema again decreased, and a few days later when digitan 
0.7 gm. was given the output increased for a day or two and she became frre 
of edema. She was given maintenance doses of digitalis. She was allowed to- sit 
up; edema recurred, however, and she remained in bed. Beginning September H 
calcium chloride was given on seven days (Fig. 1). The output had been, on the 
average, 1700 c.c. a day before ealeiuiu chloride was given. During the seven cnis 
that calcium chloride was given, the volume of urine rose to 2060 c.c., 2362 c.c. 
2178 c.e., 2284 c.e., 2190 c.c., 2085 c.c., and 1865 c.c. respectively; it vvas 181 
c.e. the next day and then fell to 1291 c.c. During the period of diuresis t ic 
patient lost 2.5 kg. in weight, and she became free of edema. She receive iio 
drugs from September 23 to November 12. Edema recurred. Calcium chlon e 
was again given during five days. The output rose from 1000 c.c. to 1200 c.c. a 
day, to 1425 c.c., 1475 c.c., 2043 c.c., 1890 c.c., and 1890 c.e. respectively, and > 
patient lost 2 kg. At tlie end of this time there was only a slight trace of « 
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of one ankle. The patient was then given digitalis; a slight inci'caso in onfpiil of 
urine occun-ecl. In spite of this, edema persisted and she gained weight. Begiiiiung 
December 3, caleium chloride was given on five days. 'Phe mitind. rose from 1400 
c e. to 1600 C.C., and remained at that, amount for seven days. 

SiiDWuTi'li - — This patient with edema due 1o heart tail tire was given 
calcium chloride by month oti seven occasion.s, loni- limes alone and 
three times combined with full therapentie doses of digitalis (0.7 gm. 
to 0.9 gm.). Diuresis followed on each occasion and on four of them 
she hecame free of edema, (hileinm chloride appeared to be equally 
effective whetlier the patient was or was not under the influence of 
digitalis ; the effect which could bo ascribed to digitalis did not appear, 
however,' to be greater when this drug rvas given in combination with 
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ume'ff of the administration of calcium chloride upon tlie vol- 

'ninistrationVf^ digitalis ffWen alone, and second when given after the ad- 


ealeium chloride than when given alone, that is to say a synergistic 

action between these two drugs was not demonstrated in the case of 
this patient. 

2. s. c. (See Case 14, Stewart^). This patient was a man, 60 years old. 

liospital complaining of shortness of breath of five years dnra- 
anatoD ■ filagflosis of tiiis patient was: Etiological: arteriosclerosis; 

auee- i '• hypertrophy, mitral insuffieiency, left ventricular preponder- 

liistor ^ *^**^^^^*^^ •’ fiuricular fibrillation, congestive heart failure. There was no 
was prese was enlarged. Auricular fibrillation 

pressure ’ ito ®y®tolic murmur was heard at the apex. The systolic blood 
tions were rnercury and the diastolic 80 mm. Cheyne-Stokes respira- 

present. There were moist rales at the bases of the lungs posteriorly. 
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There was marked edema of the legs. The Wassermann reaction of the blood was 
negative. 

The fluid intake was limited to 1500 c.c. a day. After he had been in bed for 
three days he was given, on October 22, 1923, calcium chloride 15 gm. (Pig. 2). 
The output of urine, which had been 497 c.c. the day before rose now to 1210 ce 
The following day, when the same amount of calcium chloride was given it was 
1226 c.c.; the edema disappeared. The next day calcium chloride was not given- 
the output of urine fell to 525 c.c. On October 25 the fluid intake was reduced 
to 1200 c.c. per day. The volume of urine remained low until October 26 and 27. 
On each of these days calcium chloride 15 gm. was given and the output rose to 
621 c.c. and 1215 c.c. respectively; a decrease then occurred. The patient was 
given digitalis until the ventricular rate was slow and the electrocardiogram showed 
changes in the T-w’ave. There was one day (November 1) a slight increase in 
output to 770 c.c. He w'as then given calcium chloride 15 gm. a day on tliree 
days. The output amounted to 805 c.c. on the first, 1122 c.c. on the second and 
1136 c.c. on the third day, but fell to 590 c.c. the next day w’hen calcium chloride 
was not given. The patient was witI)out medication for tlie next eleven days; the 
output of urine varied betw-een 250 c.c. and 500 c.c. a day. A slight degree of 
edema recurred. Beginning November 18 he was given calcium chloride again, 15 
gm. a day on 4 days. There was a slight but definite increase in output of urine 
amounting to 835 c.c. a day. During this time he lost weight and edema dis- 
appeared. He was then given digitalis from November 23 until December 10. To- 
ward the end of this period the volume of urine w'as slightly increased, and he 
lost 2 kg. in weight. One day the volume of urine was 1100 c.c.; it then decreased. 
On December 12 he was given calcium chloride 15 gm.; the output rose from 770 
c.c. to 1224 c.c. The next two days, w’hen given the same amount of calcium 
chloride, it was 1105 c.c. and 1103 c.c. respectively; on the fourth day when ho 
received calcium chloride 7.5 gm., the output fell to 516 c.c. and remained at that 
level. During the four days it was given he lost 2 kg. in w’eight. He was now 
given a sufSciently large amount of digitalis daily to keep the ventricular rate 
slow. About six w-eeks later acute dilatation of the heart occurred, and the patient 
died. An autopsy was performed. The diagnosis w'as as follows: General arterio- 
sclerosis; arteriosclerotic involvement of the cusps of the aortic valves; cardiac 
hypertrophy; aneurysm of the abdominal aorta*; infarcts of the kidneys; arterio- 
sclerosis of the kidneys; terminal broncho-pneumonia; venous stasis of the organs. 

Simmary . — Calcium cliloride was given then on six occasions to tbs 
patient, on three tvithout digitalis, on two, following the administra- 
tion of digitalis, and on one the use of digitalis was followed by 
calcium chloride. The administration of calcium chloride was always 
accompanied hy increase in volume of urine ; it was often more than 
doubled on the days the drug was given. The resulting diuresis was 
sufficient to free the patient of edeina. It appeared to be effective 
whether it was given when the patient was or ivas not under the in- 
fluence of digitalis. Vomiting occurred twice during its administration- 

Case 3. I. K. This patient w-as a man. 37 years old. He complained of short- 
ness of breath, palpitation and edema. The cardiac diagnosis was: Etiological: 
unknown; anatomical: cardiac hypertrophy, mitral stenosis and insufficiency, right 
ventricular preponderance; physiological: auricular fibrillation, congestive heart 
failm-e. Cyanosis was present. The heart was enlarged. There were signs of 

♦The patient frequently complained of abdominal pain. The abdomen presented 
no abnormality' on physical examination. 
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miti-fl] Btciiosis and insufficiency. Tlie systolic Wood prc.s.suro wn.s W5 mm. of mer- 
cury and the diastolic 75 mm. There wns free lluid in the ripht pleural cavity. 
.Moist rales were heard in both Inn^s. The liver was enlarged; ascites yvas pres- 
ent. There was edema of the lower extremities. 

The patient avus so ill that digitalis was given at once. TJic ventricular rate 
became slow. ^Yhilo taking 1200 e.e. of lluid a day the output of urine remained 
between 295 c.c. and 519 c.c. per day. On the seventh day after admission to 
the hospital (the patient Avas still under the influence of digitalis) he Avas given 
calciiini chloride 15 gm. The volimio of urine on thni duy was -189 c.c. The following 
(lay, Avhen calcium chloride urns given again, the ontjuil was GIS ex. On continuing 
its administration on the third and fourth days the output Avas SIO c.c. and 055 c.c., 
respectively. On the fifth day it Avns not given, nnd it fell to 52-1 c.c. Then it 
gradually decreased to 300 c.c. per duy. Luter, satisfactory diuresis occurred 
wiieii iiova.surol Avas given. 


Suminarif . — This patient Ava.s under the influence ol’ digitalis Avlien 
ciflciuni clilovidc Avas given. There oeetn-red a very slight increase in 
the output of urine. It aa'u.s not sutYlcient, however, to have an clVect 
oil the accumulation of fluid in the li.ssties and seron.s cavities. Vomit- 
ing oceniTod once during administration of the siiU. 


Case 4. G. B,, (Sec Case 17, Stewart^), This jmtient was a man, 09 year.s old. He 
complained of fhortness of bicatli and edema. The cardiac diagnosis Avas; Kliolopicnl : 
arteriosclerosis; auatomical: cardiac hypertrophy, aortic stenosis and insufficiency, 
mitral insufficiency, left ventricuiar preponderance; phijKiolnpical : auricular fibril- 
lation, congestive heart failure. There Avns no history of acute rheumntic fever. 
The heart Avas enlarged; auricular fibrillation avus jucscnl. Over tlio base there 
was a rough sy.stolic and a soft diastolic imirimir. Soft .sy.stolic ami dia.stolie mur- 
murs were also heard at the apex. The sy.stolic blood pressiiro rva.s 320 nun. of 
mercury and the diastolic 90 mm. Tlici-c wn.s free fluid in the right pleural cavity. 
The liver Avas enlarged; a.scites Avas present. There avus marked edema of the 
legs. The Wasserinann reaction of the blood was negative. 


The patient was given a large amount of digitalis. Hinresis did not occur. 
The output of urine remained 500 c.c. when he avias taking 1000 c.c. of fluid a 
daj. At a time aa'Iioh he Avas not under the influence of digitalis ho Avas given 
calcium chloride 15 gm. a day on four days. On these days the output Avn.s GSO c.c., 
755 c.c., 610 c.c., and TS8 c.c., rcspcctiA’cly. During tliis time there was no lo.ss of 
ueight, and the edema did not decrease. Later, after giving diuretin the volume of in-inc 
mcrcased to 1588 e.e. on one day. About ten days later the patient died suddenly, 
n autopsy was performed. The diagnosis aa'u.s; chronic cardiac A’alviilar disoa.«e 
(aortic), general arteriosclerosis; perforation of tlio interventricular septum; con- 
conus of the pulmonary arteiy; Jiyportrophy and dilatation 
le right and the left ventricles; chronic myocarditis; thrombosis of the pul- 
onary artery; edema, ascites, hydropericardium; hydrothorax, venous congestion 
>c organs; arteriosclerosis of the kidneys; cysts of the kidneys. 


wnniary. Calcium chloride was given to this patient ivhen he was 
^ inidei the influence of digitalis. The .slight increase in output of 

ine IV ieh occurred was not .sufficient to influence the degree of eon- 
gestive heart failure. 


■swelling f i, patient Avas a female, 44 years old. Slie complained of 

shortness of breath and edema. The diagnosis was; 
acute rheumatic fever (inactive); anatomioal: mitral stenosis and 
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insufficiency, cardiac hypertrophy, right ventricular preponderance; phymlogicah 
normal sinus rhythm, congestive heart failure. She suffered from an attack of 
acute rheumatic fever 7 years before. Involvement of the heart occurred at that 
time. Fluid had been removed from the abdominal cavity by paracentesis even- 
three weeks during the last 20 months. The heart was enlarged. The rhythm ivas 
normal. There were signs of mitral stenosis and insufficiency. The systolic blood 
pressure was 100 mm. of mercury and the diastolic SO mm. The lungs were clear. 
There was marked ascites. The liver was enlarged. There was marked edema. 

During the first 5 days in hospital the patient gained 2.5 kg. in weight. The 
volume of urine was not more than 319 e.c. per day. Calcium chloride 10 gm. a day 
was given on 5 days. The output on these days was 315 c.c., 333 c.c., 474 c.c., 
565 e.c., and 515 c.c., respectively. The next day, when it was not given, the 
output was 510 c.c. and then fell to 300 c.c. per day. Digitalis and novasurol 
were given also without diuretic effect. Ascites increased so rapidly that abdom- 
inal paracentesis was performed and 13 liters of fluid were removed. The patient 
died suddenly 4 days later. An autopsy was performed. The diagnosis at autopsy 
was as follows; chronic cardiac valvular disease (mitral stenosis); ascites; hydro- 
pericardium; chronic passive congestion of the liver-, spleen and parrcreas; clironic 
peritonitis, perihepatitis, perisplerritis ; cirrhosis of the liver. 


Summary . — The oral administration of calcium chloride to this patient 
was followed by an increase of only a few hundred cubic centimeters in 
the volume of urine. In this instance its use was not combined with the 
administration of digitalis. 


Case 6. E, A. This patient was a male, 72 years old. He complained of short- 
ness of breath and swelling of the legs. The cardiac diagnosis was: Etiological: 
arteriosclerosis; anatomical: cardiac hypertrophy, chronic myocarditis, left ven- 
tricular preponderance; physiological : normal sinus rhytlun, congestive heart failure. 
The heart was enlarged. The rhythm was regular. The sounds were clear both 
at the apex and over the base. The systolic blood pressure was 150 mm. of mer- 
cury and the diastolic 110 mm. There was fluid in the right pleural cavity. The 
liver was enlarged. Marked edema of the legs was present. The Wassermaiin re- 
action of the blood was negative with alcoholic antigen and positive witli cholesterin 
antigen. 

The patient was given 1200 c.c. of fluid a day. Calcium chloride, 15 gm. a Oay, 
was administered on 2 days. Increase in output of urine did not occur. It be- 
came necessai-y to remove fluid (1000 c.c.) from the right pleural cavit.v bj 
paracentesis. Administration of digitalis, 1.3 gm. in 3 days, was followed by only 
a slight increase in output of urine. Fluid reaccumulated in the right pleural 
cavity, and 1200 c.c. of it were removed. Two weeks later calcium chloride was 
given again on 4 days; the administration of digitalis w-as continued, however. 
On the 4 days preceding the administration of calcium chloride the output of urine 
was 570 C.C., 782 c.c., 853 c.c., and 610 c.c., respectively. On the days it was 
given, the output rose to 886 c.c., 868 c.c., 1200 c.c., and 915 c.c. respectively. 
Diui-etin and later theocin were given; no greater increase in output occurred than 
had resulted from the administration of calcium chloride. Galciinn chloride v\.\. 
given again on 4 days. On this occasion increase in output did not occur. Altlioug i 
we were not able to induce diuresis by the usual measures, edema gradually dim 
inished. Paroxysmal auricular fibrillation was often present. A hemorihago, tie 
origin of which w-as not discovered, occurred from the gastrointestinal ' 
Later, strangulation of an inguinal hernia occurred, and the patient was remove 
to another hospital for operation. The patient died a few days later. An autopsy 
was not performed, 
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Sunmanj . — In this patient there was severe cardiac decompensation. 
On two occasions the nse of caleinm chloride was Avithout etl’eet on tlio 
volume of urine. On another occasion, Avlien combined with the use of 
digitalis, a slight increase occuiTed. 


.‘^UMMAKY 

Calcium chloride was given orally to .six patients snlTering from 
edema due to heart failure (Table 1). Slight increase in the output 
of urine occurred, but marked diuresis was not observed. The admin- 
istration of digitalis simultaneously Avith the oral administration of 
calcium chloride did not appear to bo move otVectivc than its use alone. 
The observatioim Avere re))eated on .several occasions on each patient. 
In tAVO patients only was diuresis sufTl(M<Mit to I'rc'o them of edema. 

T.Altl.K I 


.Summary or Kksui.ts Foi.ujavi.w; tiik Au-Mi.vi.stk.atiox ok C.Ai.rii^.Ai Cm.oiam; 


CASE NO. 

1 

CAl.l'IU.M 

cin.oitiDE 

1 

N'U.MIUa: OK OIISERV.A- 
1 TIOXS O.V KAOH 
PATIRNT 

AVITlIOUT 

PKilTAl.IS 

AVITII PKilTAl.IS 

niURF.SlS 

>'0 PU'RESIS 

i piiu:n.si.s 

.so Piimr-.sis 

1 

.P 


•\ « 


7 

2 



«* 


() 

:i 1 




1 

1 

4 

1 

1 


1 

1 

D 


1 



1 

G 

2*" 


1 


<> 

' .» 

TOTAU 

0 

] 

7 


i lit 


’Refers to nunibof of separute obsefA'aUon.s. 


niscnssio>: 

We have observed an increase in the output of urine folloAving the 
oi’al administration of calcium chloride. Diuresis Avas ncA'cr A’cry 
marked, and in only tAvo patients Avas it effective in decreasing edema. 
The re.sults in even these tAvo patients are contrary, hoAvevor, to Blum’s 
statement that the salt Avas Avithont diuretic ell'ect in edema due to 
cait failnre. Nor did avo observe deleterious elVects folloAving its 
administration. It may be recalled that Bliim Avas of the opinion that 
cardiac patients do not tolerate the drug. 

The mechanism by Avhich calcium chloride acts as a diuretic is not 

tnoAvn. Hjort^ and Salvescn, Hasting.s and ]\rcTntosh" and otheiAS-'- " 

laAe found that the administration of it by month produces a severe 

uncompensated acidosis iin (dogs and in human subjects. This is due to 

lep acement .of the HCO,; iimdacle by Cl in the blood, as the result of 

mthlTr alimentary tract of the Cl of calcium chloride 

failur a 

Tlu. ° carbon dioxide tension to the loAvered bicarbonate. 

cbaiurefr^n increase or may be un- 

n the other hand the intravenous administration of calcium 
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chloride has no effect on the acid-base equilibrium of the blood; there 
occurs, however, a moderate rise in the phosphates. The injected cal- 
cium leaves the blood in from three to six hours. Whether the diuretic 
effect is dependent on the presence of the anion or upon the acidosis 
or upon some other mechanism is at present unsettled. 

CONCLUSIONS 

1. The administration of calcium chloride to cardiac patients with 
edema increases the volume of urine. 

2. The increase in output which results is only occasionally effective 
in decreasing edema. 
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OBSERVATIONS ON THE MECHANISM OF RELATIVELY 
SHORT INTERVALS IN VENTRICULOAURICULAR AND 
AURICULOVENTRICULAR SEQUENTIAL BEATS 
DURING HIGH GRADE HEART-BLOCK'" 

Charles C. Wolperth, M.D., and Thomas M. jMcMillan, M.D. 

Philadelphia, Pa. 


A NUMBER of eases have been reported with electrocardiograms 
which displayed, in the presence of otherwise complete heart- 
block, ventrieuloauricular sequences with brief intervals between ven- 
tricular and auricular contractions. The auricular elements of these 
sequences have been represented b)'- abnormally shaped and usually 
inverted waves. Some observers have attributed these abnormal auric- 


ular beats to rapid retrograde transmission of the impulse. Thus 
Danielopolu and Danulesco^ suggest that retrograde conduction may 
be preserved after forward conduction is lost, and they raise the 
question as to whether the pathways of forward and retrograde trans- 
mission may not be different. Veil and Codina-Altes- hav^e recently 
also supported the hypothesis of retrograde conduction. On the other 
band, Cohn and Fraser^ proposed the hypothesis that the abnormal 
auricular beats are due to the mechanical stimulus of the contracting 


ventricular mass acting on auricular tissues. Wilson and Robinson^ 
in discussing a case reported by them state that it must be assumed 
that ventricular systole hastened the discharge of a stimulus in the 
lower auricular or upper junctional tissues. Bai’ker^ -who has recently 


written on this subject adopts a view which is essentially one of me- 
chanical stimulation. He assumes that the contracting ventricle stimu- 
lates mechanically the His bundle above the lesion producing block and 
that the impulse is then transmitted in a retrograde manner through 
the A-V node to the auricles. These references are perhaps sufficient 
to indicate that the nature of the mechanism of retrograde sequential 
eats occm’ring during high grade heart-block is uncertain; no con- 
■vmcing evidence has thus far been produced. 

The change back and forth in rhythm from otherwise complete heart- 
oc to auriculo ventricular sequential beating with normal transmis- 
sion intervals has also been observed several times. In these eases the 
^mw seems to have been accepted by all writers on the subject that 
e sequential beats were due to transmission of the excitatory process 
__^o^h the junctional tissues. Carter and Dieuaide® believe that the 


lorj-. Foundation, the William Pepper Clinical Lahora- 

Ihe Philadelphia General^ Hospital Department of Cardiologry, Laboratory of 
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bundle contain onljr a few intact fibers Mdiicli are just equal to 
the work of transmission under favorable circumstances but fail ivlieii 
stress occurs. The few eases of this nature in which anatomical study 
of the junctional tissues ivas subsequentlj- made have all shown eoni- 
parativel.y few fibers present capable of transmitting the impulse. Tlie 
nature of the stress determining their failure to function at times is 
not knoivn ; possibly^ it is concerned with variations in blood supply to 
the bundle. We shall discuss this point later. 

Our interest in these phenomena Avas aroused in 1922 by the finding, 
in a patient Aidth otherwise complete dissociation, of isolated auriculo- 
ventricular and ventrieuloauricular sequences liaAdng P-R and K-P in- 
tervals of approximately 0.16-0.17 second in the same strip of tracing. 
Frequent studies of this jiatient were made dindng the remaining five 
y^ears of her life, and remarkable shifts back and forth among com- 
plete block, incomplete block and apparently normal rate of trans- 
mission Avere observed. FolloAifing her death, permission Aims granted 
to remove the heart ; and serial sections of the bundle and of the upper 
part of the main branches Avere made. These studies are reported 
under Case 3 of our group. 

We haAm encountered ventrieuloauricular sequences ndtli conipara- 
tiAmly brief E-P intervals and abnormally shaped P-AA’^aves in the elec- 
trocardiograms of several cases of high grade heart-block and regard 
this finding to be much commoner than the literature suggests. lu tivo 
of the cases the behavior Aims somCAidiat different from that of any 
previously reported and should be taken into account in the formula- 
tion of hypotheses to account for the mechanism of retrograde beats 
during high grade block. 

Case 1. — J. W., a man 60 years old, was admitted to the Medical Division 
of the Philadelphia General Hospital, Dec. 4, 1924, in a state of severe heart 
failure. There was present marked arteriosclerosis. The heart was greatly en- 
larged and showed evidences of aortic insufficiency. The rate was about 30 beats 
per minute and there were brief attacks of unconsciousness (Stokes-Adams syn- 
drome). 

An electrocardiogram made two days after admission (Fig. 1) showed a regular 
ventricular action of 28 beats per minute and an auricular rate of 50 beats per min- 
ute. The auricular rhythm ivas slightly irregular due to the fact that occasionally 
slightly premature ectopic auricular beats were in some way initiated by the 
preceding ventricular beat. In these sequences the E-P intervals measured ap- 
proximately 0.16 second. The ectopic auricular beats w-ere never highly premature 
occurring only late in the expected interauricular interval. In each instance the 
returning auricular cycle was slightly longer than those of the dominant auricular 
rhythm. 

A tracing made six days later is shown in Pig. 2. At this time there nas 
practically continuous coupling of ventricular beats. The first beat of each coup e 
was of the usual idioventricular type, and the second was an extra-systole probabr 
also arising in the junctional tissues. Both ty'pes of ventiieulai beats initia 
premature ectopic auricular beats. 




Kg’. 2. — Case 1. Idioventricular rhythm with paired ventricular beats; each ventricidar beat of tlie top strip forces auricular response. The 
R-P interval of the first sequence of each pair is 0.18 second, and the second sequence is 0.21 second. In .strip 2, in the sequence marked X, 
the R-P interval is 0.19 second. The interval is shorter when the first ventricular beat of a pair does not force auricular response. 
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In strip 1, Fig. 2 (Lead II), the first sequential beat of the couples shows 
an E-P interval of approximately 0.18 second*, while the second sequence shows 
an E-P interval of 0.24 second. In strip 2, Pig. 2 (Lead III), there is no ab- 
errant auricular beat following the first ventricular beat of the first couple. The 
sequence in connection with the second beat of the couple has an E-P interval of 
0.19 second. In the following couple, both of which show ventriculoauricular se- 
quences, the first E-P interval is 0.19 second and the second E-P interval 0.23 
second. 


COMMENT 


Case 1 seems to furnisli evidence bearing on the question as to 
wbetber the abnormal aui’ieular beats of retrograde sequences are 
excited by mechanical stimulation or a transmitted (conducted), ex- 
citatory .process. The fact that when two ventriculoauricular sequences 
occur in succession in connection with coupled ventricular beats, tlie 
second E-P interval is longer than the first suggests that the mech- 
anism is one of conduction rather than mechanical stimulation. To 
this view, however, the objection might be raised that the differences 
in E-P intervals might be accounted for by the fact that the second 
venti’icular beat was different mechanically from the first as shown by 
the altered electrocardiographic cui’ve and the less time available for 
ventricular filling so that the mechanical stimulus to the auricle might 
be delayed. This objection is met by consideration of the effects of 
presence or absence of an E-P sequence in the first of coupled beats 
on the length of the E-P interval in the second beat of a couple as is 
shown in Pig. 2, strip 2. 


It seems clear from these data that when two retrograde sequences 
occur as close together as 0.68 second there is a prolongation of the 
second sequence. This delay cannot be attributed to the'fact that the 
second beat of the couple is premature, Aveak, or aberrant, since it 
does not occur Aidien the first Amntricular beat of the couple fails to 
force an auricular contraction. ' 


We regard the above as strong eAudence for the vieAV- that; the ab- 
normal auricular beats are stimulated by retrograde conduction, of the 
excitatory process.! There is further eyddence of a someAidiat different 
nature. If one observes the time in the auricular cycle AA^hen the 
auricular element of the retrograde sequences occurs, it is found not 
only in our Case 1 but also in all cases Ave have studied and all trac- 
ings Ave have seen in published reports that they occur only late m 


*These intervals were measured repeatedly -with a Lucas comparator a fajr 

degrerof consLtency was obtained in the third decimal place. AVe therefore believe 
the figures to be accurate ± 0.005 second. The variations m transmission intwva 
minted out are so wide, however, that high grade accuracy in measurement woul 
not be necessary to determine them. 

tit would seem out of the question to explain differences in “.Lncc 

magnitude by variations in latent intervals of auricular muscle, ^''ailable eviden 
seems to indicate that the latent inter\'al of mammalian heart muscle is extreme i 
brief.^ 
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the expected interarn'iciilar interval.'^ It is precisely at such a time 
that the junctional tissues should be recovering their maximum func- 
tional capacity because of the lapse of time following the effort to 
transmit downward the preceding normal type of auricular beat. In 
connection with our Case 2 we shall attempt to shoiv how a preceding 
period of unusually long rest in the bundle is followed by a relatively 
short ventriculoauricular sequence. 

While the inexcitable period of junctional tissues, particularly if 
damaged, may be relatively long, that of auricular muscle is relatively 
short. There would thus seem to be no good reason, if the auricles 
were being excited by mechanical stimulation, why the responses 
should be limited to the latter part of the expected intcrauricular 
interval.i 

One hesitates, in the present state of our knoAvledgc, to accept an 
hypothesis assuming the occurrence of prompt retrograde conduction 
when forward conduction is either markedly delayed or fails eom- 



Fjg. 3. — ^A tliagram illustrating the conception ot unlcUrectional transmission 
inrough junctional ti.ssue.s. Tlie solid black rcprescnt.s the excitatory process. As it 
aescends (left) its vigor is impaired by a slight Ixarricr to conduction (dotted area) 
just enough that it is unable to traverse a greater barrier (rviled area). The as- 
enmng (retrograde) excitatory process (right) meets the greater barrier before 
ing subjected to decrement and is therefore able to p.ass it and avoid being blocked. 


pletely, yet the data we have presented in Case 1 and shall present 
m Gases 2 and 3 demand its consideration. 'SYa find no precedent in 
the literature for such behavior, although so-called uudirectioual block 
fiom ventricles to auricles has been observed in several cases.® One 
can titerefore only speculate as to the possible nature of a lesion per- 
mitting only unidirectional retrograde transmission. Conceivably it 
might be determined by the location of the chief harrier to conduction 
witi r eference to other seeondaiy bar riers. If we assume that the 


don found in been commented on by other.s. There is one apparent excep- 

lation in whinv. „ published by Danielopolu and Danulcsco* during vagal stimu- 
after a normal inverted P-wave of the type under discussion occurred shortly 
'defect. Unflen in this case, however, there was said to be no conduction 

Permitted transmiSon' to'^^ccur escape from vagal inhibition might readily have 

me'ventridls noniPPomise hypothesis of Barker', to the effect that 

■Whence the imnnlco Vi stimulate the junctional tissues above the area of block 
node, is the Wnlf auricles in a retrograde direction through the 

pPPrence of this doubl There would not seem to he time for the oc- 
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descending exeitatorj^ process is subjected to deereineiit in its cIomti- 
Avard path, it might be unable to traverse the final most serious 
obstacle udiereas an excitation from beloAv might be able to traverse 
the serious obstacle and be transmitted through the less important 
barriers to conduction. Tlie point may perhaps be made clearer by 
the analogy to a runner ivho miglit be able to jump a broad stream at 
the beginning of his race and then overcome relatively minor obstacles, 
Avhereas if the minor obstacles had come first he might have been so 
fatigued as to be unable to jump the broad stream. 

In Fig. 3 Ave have attempted to diagram this conception of uni- 
directional transmission. 

Case 2. — Mrs. P., 37 years of age, was referred for exaniinatioii, June 23, 1923, 
to the Heart Station of tlie University Hospital. Slie had consulted her physician 
because of attacks of vertigo. He, noting that the pulse Avas slow and somewhat 
irregular, requested an electrocardiogram. 

The tracing (Pig. 4) shows two-to-onc heart-block. There are present two 
types of auricular arrhythmia. One of them is a form of sinus arrhythmia, the 
auricular cycles which eontai]i QKS comi>lcxes tending to be shorter. The other 
form of auricular arrhythmia is due to fairly frequent premature ectopic beats 
following ventricular beats. These ectopic beats, as in Case 1 are found only 
toAvard the latter end of the e.vjjeeted .‘luricular cycle. The K-P intervals arc all 
appro.viinately 0.2G second in duration except the K-P inteiwal found after a pre- 
mature beat (X) wliicli is 0,22 second. 

COiAIMENT 

In Case 2 tAVo modes of stimulation suggest themselves as possible 
mechanisms by AAdiich the ectopic auricular beats are excited: (1) 
reciprocating beats, and (2) mechanical stimulation. 

Mines® in 1913 described an abnormal mechanism AA'hich he Avas able 
to produce by rhythmic stimulation of the heart of the electric ray 
and the frog, Avliieh he called reciprocating rhythm. The rhythm ot 
each chamber (auricle or A^entricle) seemed to be dependent on the 
other, and the alternate contractions spaced apjiroximately evenly 
Avonld continue for long periods unless interrupted by a stimulus. The 
mechanism could be initiated by an extrasystole or Avhon alreacb 
present stojAped by an extrasystole, illines regarded the condition as 
a circulating mecbanisni. He offered the suggestion that under rapid 
stimulation different fibers Avould recover at dift'erent rates and the 
impulse going in one direction through certain fibers Avould go in the 
opposite direction through other fibei'S. 

White^® and Drury^^ have reported clinical cases Avhich ajipear to he 
examj)les of reciprocating beats and Drury has called attention to tin 
similai'ity of the mechanism in his case AA'ith that produced cxpeii 
mentally bj’ IMines. In their cases, liOAvevei-, the impulse appaventlj 
arose in the junctional tissues and spread to both ventricles and 
auricles. When eondnetion aatis strained so that the anriciilai beat 
Avas delayed, an impulse Avoukl descend to the A’cntricles and a secoiit 
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ventricular beat occur. Gallavardin and Gravier^' demonstrated iu a 
ease of A-V nodal bradycardia that by vagal stimulation and thus 
lengthening R-P intervals, reciprocating beats could be produced. 
Scherf and Sliookloft^® have recently made an experimental study of 
reciprocating beats (umkehr Bxtrasystolen) and believe the site of 
reversal to be in the upper part of the nodal tissue. So far as ive are 
aware no clinical case has been described previously in wliicli the 
course of the reciprocating beats was from auricle to ventricle back to 
aui'icle again. In our ease it is obvious that conduction was in a 
critical condition, the state insisted on by most workers as necessary 
for the production of reciprocating rhythm. The one objection, so far 
as we are aware, which may be raised against this interpretation is the 
fact that retrograde transmission must be assumed to proceed more 
rapidly than forward transmission. It has been shown repeatedly in 
experiments that conduction is moi’e readily accomplished from auricles 
to ventricles than from ventricles to auricles and that A-V intervals 



Fig-. 5. — diagram illustrating the conception of reciprocal beats in Case 2. Tlie 
oval ruled area represents a lesion in the bundle of such a character as to cause the 
formation of two pathways, both offering obstacles to conduction but the one on the 
right more than on the left. Each alternate descending impulse is transmitted dowi 
the left side but is blocked on the right. The left descending impulse after passin? tlic 
lesion spreads not only to the ventricles but also up-vvard on the right side of the 
lesion. Some of these impulses are transmitted back to the auricles. The successiui 
i-etrograde transmission Is due either to (1) longer recovery period due to block ot 
descending impulse on right side or (2) position of barriers to conduction permitting 
on!}' unidirectional (in this case, retrograde) transmission. See Fig. 3. 

tend to be shorter than V-A intervals. Howevei”, the evidence piv- 
seuted iu our Case 1 which seems to indicate that in at least one case 
retrograde transmission has been successfully accomplished even 
though forward eondnetion from auricles to ventricles was lost, jus- 
tifies consideration of the possibility that in lesser grades of block, 
A-V intervals might exceed V-A intervals. Any alternative hypothesis 
would seem to involve the assumption of mechanical stimulation of 
auricles by contracting ventricle.s. To this vicAV tliere arc the fol- 
lovring objections: 

1. The incidence of the ectopic auricular beats is ahvays late in the 
auricular cycle. The significance of this fact in its relationship R 
the relative probability of transmission or mechanical stimulation has 
already been discussed in the presentation of Case I. 
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2 Tlie R-P iiitorviils are imicli lonfrcr tlian in any oi! ilic cases in 
wWcR weclnuiical stimulation was proposed as tlie mechanism. One 
must, thevefovo assume that the mee.hauical stimulation has in some 
mar been delnyecl. In view of the unusually lon<r forward transmis- 
sion intervals, however, one mi'rht reasonably expect delayed retro- 
grade transmission also. 

3. We are unable to account for the shorter K-P interval alter 
an extrasystole (X in Fit?. 4 ) on tlie basis of mechanical stimulation. 
It is readily accounted for on the basis of retrograde transmission 
since the rest period preceding this beat is decidedly longer than any 
others preceding ectopic auricular beal.s. Tlie longer rest period may 
therefore account for accelerated transmission of the next heat. 

For these reasons the liyimthe.sis of mechanical stimulation seems 
inapplicable to this case; and wc, therefore, favor the interpretation 
of a cirerdating mechanism similar to that ])rO])osed by iNIincs. It 
is probable, however, that in the clinical cases the mechanism is not. 
identical with that observed by Mines, since continuous transmission 
back and forth between auricles and ventricles has not been ob- 
served. Possibly in such a case ns ours the mechanism is due to 
peculiarity in the location of a lesion in the bundle resulting in two 
pathways with .slightly uneipial conductive cai)acity .ioined above 
and below the lesion in such a way that a circulation of the excita- 
tion could occur (Pig. 5). 


C.\SE 3. — Mrs. A. ir. S., a wliite woman, -IS ycnr.s old, was ndniittcd to the 
Medical Division of the Univor.sity Hospital S<fpt. S, limit, eomphiining of “ thump- 
ing of tlio lic.'irt.” Tlie history dated back to lUlU when she had an attack of 
syncope with nausea and vomiting. At that lime she was informed tliat she had 
a we.ak heart. In 11)14 she was told tlnit her heart r.-itc ^Y^lH nmisimlly slow. 
During the following years the slow r:ilc (nsu.'illy .-ihont .30 ho.'ils jjer minntc hut 
sometimes as low as 13 heats) had oevasionally rovnrred. Hinec .Tiimi;iry, 1023, 
ker difficulties had increased markedly. She was bothered by almost constant 
thumping of the heart, pain and sense of constriction in the chest, frequent at- 
tacks of vertigo and occasional syncope. In the spring .she entered the Lankenau 
Hospital and was told that she had heart-block, although no electrocardiograms 
^ere made. During the summer she was admitted to the Philadelphia General 
ospital. At this time electrocardiograms showed the presence at times of com- 
pete heart-block, and at other timo.s various manifestations of incomplete block. 

^ The past medical history is unimportant except for the suspicion of luberculosis 
le 11)14, but studies carried out in a sanaforinm were negative. Her habits have 
‘^^uays been good. She lias always done housework with occa.sional short periods 
work in a mill. Her father is said to have died of heart disease, her mother 
hnl siblings, one brother has heart disease and two sistcr.s have 

u erculosis. Two of her three children are said to have heart disease. 
lookcT**!!^ — tIic patient was a sallow, poorly nourished woman who 

the wa stated age. She was obviously weak but .able to walk about 

appeal ^ missing. The tonsils were small and innocent in 

of thyroid was sliglitly enlarged. The lungs show-cd evidences 

an v.- ° J'ight apex. The heart was not enlarged. The rate was 


3 Q , . y — xne nearc was nor enlarged, 

s per minute and the rhytlim regular. Tliere ivas a systolic 


apical murmur, 
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and in the third interspace to the left of the sternum a distinct short sound was 
heard about midway between beats. The peripheral arteries appeared to he in 
good condition, and the retinal vessels showed no abnormality. The blood pressure 
was 135/70 mm. The liver was enlarged, extending S cm. below the costal margin 
in the midclavicular line. The spleen was barely palpable. 

Several blood counts were normal. All blood Wassermann tests were negative. 
The urine showed traces of albumin and hyaline easts from time to time hut 
was otherwise negative. 

On the first admission to the University Hospital the patient remained in tlie 
ward from Sept. 8, 1923, to Dee. 23, 1923. During this time slie showed wide 
variations in cardiac behavior. There was a period of several days during which 
complete dissociation was present. No drugs had been taken prior to this period 
of block. On one occasion there was an attack of syncojie which developed while 
she was being examined. The radial pulse disappeared entirely, and no heart 
sounds were heard. An intracardiac injection of epinephrin was ordered, hut 



Fig-. G. — Shows the main bunclle of His (X) and the rig-lit brancli (E). In 
upper portion of the main bundle is shown a defect (y). 


just as it was to be given heart sounds and pulse reappeared. A second, ap- 
parently similar attack occurred during the night. 

Usually the mechanism was 2-to-l block, at otlier times 3-to-l, 3-to-2, and foi 
long periods no block would be apparent. Kates as high as 140 beats per minute 
were observed with all beats transmitted. Prolongation of transmission intervals 
w'as never observed. 

There were four subsequent admissions to the University Hospital. While 
she -w’as at home, she w'as under the care of one of us. Consequently she was 
under fairly close observation for over five years. It was observed tliat niarkei 
bradycardia always caused a great deal of distress, and this was the reason for 
each’ admission to the hospital. On the first three admissions the block disap- 
peared after varying periods of complete rest. On the fourtli admission barium 
chloride seemed to help abolish the block. The final admission was on Dec. 1-, 

1927. This time the idioventricular rhythm persisted in spite of treatment (com- 
plete rest and barium chloride) ; the rate grew progressively slower, and the cir- 
culation seemed to fail more or less proportionately. Death occurred Jan. , 

1928. 
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Peraission for necropsy was limited to the heart,. Notliiiig noteworthy was 
discovered on gross examination except a small area of lihrosis in the septum 
centering about the region of the branching of the bundle. The heart was not 
enlarged; there were no pericardial adhesions and no valvular defects. Tlic larger 
coronary'vesscls showed some evidences of arteriosclerosis, though at no point, so 
far ns gross dissection revealed, was the lumen encroached upon. 


Jlustolofiicdl Studies of J uuctionnl Structures 

The block of tissue sectioned serially included the conducting tissue from the 
lower portion of the A-V node to welt beyond the point of division of the main 
bundle into its two branches. 

The A'V node and the upper half of the main bundle were relatively normal 
histologically. Approximately half-way down the main bundle a small area of 
round-cell infiltration appeared. From this point on, the main bundle became in- 
creasingly pathological, there being more and more interstitial fibrosis and scveriil 
minute areas of beginning caicificatiou. The small ramifications of the coronary 


further forward. Tire whole of the main bundle is 
oj the defect, only one small area of niu.sclo (A') being seen. 



ar enes slioned tliickening, tliis going to llie point of practical occlusion in some 
ns ances. In spite of tlie pathological condition of this region of the bundle the 
m ual muscle fibers appeared relatively good. 

it hen the region of the division of tlic main bundle into its brandies was ap- 
anoT i' changes of the same order still in evidence but also there 

Th' lesion tliat resulted in destruction of the involved portions, 

this conical in shape with its apex pointing posteriorly. Studying 

its bundle from beliiud forward, approximately the first eighth of 

kealtlm"^ appearance as the higher levels; namely, fairly 

fibrous groiftly increased interstitial 

of the d^^r^ • posterior eighth of the bundle the apex 

front of^ tesion appeared. This enlarged in all directions conically as the 
■"■ell dew As the lesion became extensive, it dipped 

The l” ° anterior portion of the right branch. The left was not involved, 
stead war^°" showed a complete absence of muscle fibers, and in their 

seen a reticulum of large rounded spaces that apparently were the re- 
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having been dissolved out in the process -of 

The condition of the right braneh remains to be described. The large lesion 
of the main bundle dipped down into this branch in its anterior portion and de- 
stroyed it for a definite distance. In the posterior portion of tlie right branch 
another lesion, apparently independent but probably of the same nature \vas 
present. The section here happened to show the fibers cut absolutely longitudinally 
The muscle fibers were entirely gone with only a fibrous reticulum remaining, giv- 



Fig. 8.-.-IS a high-power photomicrograph taken from the same area. The muscle 
fibers in this area are compietely gone except for a small group of fibers In the 
lower left corner of the illustration. In place of the muscle fibers are largo einptr 
spaces enclosed by a reticulum of fibrous tissue that are presumed to have contained 


A. 

Fig. g . — Ji schematic drawing of the destructive lesions (shaded) in the main 
bundle and its right branch. A, lateral view of main; bundle and right branch ; b, 
looking down on main bundle and branches. 

ing the appearance of the strings of a harp. The nature of the degenerative 
lesion that resulted in this appearance seemed doubtful to ns. Perhaps a fatty 
change, similar to that causing the big lesion of the main branch is the most hkciy 
explanation (Pigs. 6, 7 and 8 show the destructive lesion in the main bundle). 

The two lesions in this braneh, one anteriorly and one posteriorly, almost came 
together. However, between the two there were relatively few strands of con- 
ducting muscle. These fibers were distinctly atrophic, stained poorly and were 
clearly far from normal. However, we believe that under certain conditions these 
fibers did successfully transmit impulses. 
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Summanj of Findings.— Theie was a lesion of the main bundle that completely 
destroyed those portions involved. This lesion failed to involve an area of the 
bundle on the left side and posteriorly equaling approximately one-eighth of the 
total diameter of the bundle. Purthermore, the lesion being conical in shape, 
resulted in there being slightly more undestroyed tissue around its narrowed ape.x 
than around the wider base. However, the narrow band of uudestroyed bundle was 
the seat of round-cell infiltration, areas of early calcification, arterial disease and 
increased fibrosis. These changes resulted in individual groups of muscle fibers 
being so separated from other groups that it seems quite probable to us that 
conduction was interrupted. 

The right branch showed complete destruction except in its central portion 
where a relatively few fibers that were definitely diseased probably afforded a path 
of conduction under certain circumstances at least. (Pig. 9 is a schematic repre- 
sentation of the destructive lesion in the main bundle and its right branch.) 


Description of Electrocardiograms 

We have selected from the numerous tracings made, only those which seem to bo 
representative of peculiar variations in mechanism observed. 

The tracing in Pig. 10 shows complete dissociation, occasionally interrupted by 
slightly premature ventricular beats (X) each bearing an exact relationship to 
the preceding auricular beat and obviously excited bj' the auricular beat. These 
premature ventricular beats are all aberrant in form. There is also found some 
auricular arrhythmia due to slightly premature aberrant auricular beats (XX) 
each bearing a relationship to the preceding ventricular beat and obviously ex- 
cited by it. The P-E intervals are 0.15 second and the E-P intervals 0.16 second. 
The premature auricular beats are similar in type to those recorded in Cases 1 and 
2, but the E-P intervals are shorter than those found in Case 2. 

That the aberrance of the ventricular beats excited by auricular contractions 
is not due to their prematurity is shown in Pig. 11 in which two highly premature 
beats (X) are found to have normal type complexes. These two beats are probably 
junctional extrasystoles arising below the level of the block. This view is favored 
by the fact that they are accurately coupled with preceding ventricular beats and 
not with auricular beats. 

El Pig. 12 there are shown various manifestations of sequential beating. In 
strip 1 is seen the end of a paroxysm of auricular tachycardia in wdiich all au- 
ricular beats stimulated ventricular response. In strip 2, there is 3-to-2 block, in 
strip 3, 2-to-l block and in strip 4, 3-to-l block. 

In Pig. 13 yre ggg ^ig from 2-to-l rhythm to complete dissociation. The 
rst three ventricular beats recorded are aberrant as always occurred ivith se- 
quential beating. The P-E intervals rvere approximately 0.16 second. At the 
ourth ventricular beat ventricular escape begins to assert itself, and by the sixth 
ea it^is complete. The fourth and fifth beats are transition forms. 

Effect of Vagus Stimulation . — ^Vagus stimulation was tried many times during 
orief* incomplete block. The methods employed were pressure on either right 
The^ ^ tbe neck, pressure on both sides simultaneously and ocular pressure. 

e auricular rate could be slow-ed by vagus stimulation, but on no occasion did 
“gher grade block result. 

elertfoT* Repeated intramuscular injections of atropin were made with 

two to Th before injection and every fifteen minutes up to from 

atrom-T, c injection. The dosage employed was usually 3 mg. of 

Atrou-'^ periods of 2 to-l rhythm 6 mg. were used. 

Associated dosages invariably caused acceleration of the auricular rate. 

his acceleration, an original 1-to-l sequential rhythm might be 
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converted to 3-to-2, 2-to-l, or even 3-to-l rliytlim. An original 2-to-l rhythm 
usually remained unchanged in spite of acceleration of' auricular rate, although oc- 
casionally 3-to-l rhythm resulted. 

During periods of complete dissociation atropiu sulphate in dosage of 3 mg 
did not change the rhythm to tlie sequential type in either of two experiments. A 
third test was made when dissociation was almost hut not quite complete (Mav 
26, 1925), there feeing feut occasional isolated sequential beats and a few short 
runs of 2-to-l rhythm. Following the injection the usual auricular acceleration 
occurred and no more runs of 2-to-l rhythm were observed although there were 
still isolated sequential heats. 

These studies seemed to us to demonstrate beyond question that atropin sliowed 
no tendency to lessen block. Under its use the grade of block showed a tendency 



Fig. 12. — Case 3. Top strip shows end of a period of tachycardm in 
had been no block. Second strip shows 3-to-2 block; third strip, 2-to-l block , • ' 
fourth strip, 3-to-l block. All P-R intervals are well within normal limits. »ucn 
variations as are noted here occurred within periods of a few days. 

to increase, probably due to acceleration of auricular rate rather than to an} 
actual increased difficulty in conduction. 

The effects of amyl nitrite are seen in Fig. 14. The effects seem to he quite 
identical with those of atropin except for the fact that they run their course 
over a period of a few' minutes rather than hours. Like„ atropin the apparen 
increase in block is probably due merely to auricular acceleration. 

Only one experiment was made with epinephrin because the drug caused very un- 
pleasant pounding of the heart. On May 27, 1925, during a period of 2 
rhythm intramuscular injection of 0.5 c.c. of a 1-1000 solution of epinephrin 
eelerated the auricular rate hut failed to disturb the 2-to-l rhythm. ^ ^ 

The patient was rather intolerant of digitalis and nausea and vomiting ten e 
to occur after 1 to 1.2 gram of digitan. Three experiments were made during 
periods of sequential beating in the attempt to convert the mechanism to co 
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plete dissociation. The metliod used was administration hy mouth of 0.13 gram of 
digitan t.i.d. to the point of vomiting which occurred on the third day. Tliis 
occurred whetiier siie did or did not know she was receiving digitalis. Twice 
no effect was noted on the sequential rliythm, but on the third attempt dissociation 
resulted about the time vomiting began. Because of the tendency to spontaneous 
change back and forth between sequential beating and complete dissociation, wc 
did not feel justified in concluding that digitalis had been responsible for the 
change observed. The following morning after a few doses of barium chloride had 
been taken, there was 1-to-l rhytlim with no evidence of block. It therefore 
seemed possible that the shift to complete dissociation during this one of three 
trials with digitalis might have been accidental or at most evidence of a very feeble 
digitalis effect. 

Barium chloride* was found for a long time to have a distinct effect in abolish- 
ing block and restoring 1-to-l rhythm. Finally, however, it seemed to lose its 
effectiveness, at least in the dosage employed (20 mg., q.i.d.) We did not in- 
crease the dosage because of the production of ectopic ventricular beats singly 
and in series. 


DISCUSSION 

The VentncuIociHvicHlar Sequential Beats . — A most instnictive case 
lias been reported by Krumbliaar** in which, despite the presence 
during life of complete heart-block, serial sections of the hiuKlIe 
showed comparatively little damage to the junetional tissues. In 
our Case 3 the presence of complete heart-block for quite some time 
before death suggested that complete destruction of the bimclle at 
some point had occurred. NeAmrtheless, it Avas found that at the 
level of greatest damage aiiijroximately one-eighth of the bundle had 
apparently remained fairly intact. While these fibers had tailed 
to transmit impulses for quite some time, jirobably several months, 
the histological findings suggested that there might have been ample 
muscle tissue pre.sent to conduct an impulse. 

There is clinical evidence to indicate that complete block may he 
present for months Avithout permanent loss of the ability to trans- 
mit impulses. One of us has observed a iiatient Avho shoAved com- 
plete heart-block in all examinations made during a period of six 
months but temporarily resumed normal rhythm Avith normal P-R 
intei-Amls after eradication of extensive oral infection (unpublislied 
case). 

Findings of this type demonstrate the danger in assuming, because 
block has persisted for a relatively long time, that the ability to 
transmit impulses has been permanently lost. Furthermore, the 
assAiiiption that if the ability to transmit impulses from auricles to 
Amntricles is lost even transiently retrograde conduction must also 
be lost, is on equally uncertain ground. Tlie possibility of um- 
dire^qtional transmission cannot be excluded. Nevertheless on these 
foundations rests the reasoning Avhich has led to the hypothesis ol 

*Stu(iies of the action of barium chloride in this patient have been made the sub 
ject of a separate communication. (J. Lab. & Clin. Med. In Press.) 
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mechanical stimnlation as tlic inechaiiism of retrograde beats in other- 
ivise complete heart-block. 

The data obtained in Case 3, so far as we are able to analyze it, 
offers no evidence in favor of mechanical .stininlation of auricles by 
ventricles. It does, however, oiler the following evidence in favor 
of retrograde transmission as the eau.se of the abnormal auricular 
beats although none of the points could be regarded as conclusive. 

1. Retrograde sequences occurred only at such times as forward 
traiisiiiissioii was in evidence. If the retrograde sequences were due 
to mechanical stimulation, tliere would seem to be no good reason 
Avhy they should not have occurred (juite as readily at tinie.s when 
complete dissociation was established. 

2. The P'R intervals and R-P intervals were aiiiiroximately of the 
same length. 

3. As in all othei' cases observed the R-P sequences occurred only 
ill the latter part of the auricular eyele.s. The significance of this 
finding has been discussed above. 

It seems to us, therefore, that the evidence we have been able to 
fui'iiish ill our three cases, supports in different ivays the view 
that rapid retrograde sequences in the presence of high-grade or sup- 
posedly complete heart -block are due to retrograde conduction 
through the junctional tissues. It is o])))osed to the liyjiothosis of 
mechanical stimulation.'^' Furthermore the data supplied in con- 
nection with the eases previously published in support of the hypoth- 
esis of mechanical stimulation are not convincing. 

Inienniifent Hcurt-BIoclx. — Wells and Wiltshire’’’ have described a 
case in which intermittent comiilele heart-block was observed over 
a period of twelve years. Retween attacks the tran.smi.ssion intervals 
were normal. At necropsy an area of calcification was found involv- 
ing the A-Y node, but continuity of muscle fibers in the bundle was 
apparently preserved. 

In our Case 3 it is jirobable that intermittent eom})lele block had 
lasted over a period as long as fourteen years although no electro- 
cardiograms were made until five years before death. 

Intermittent comijlete block is rare, and but few cases liave been 

^ported. The condition has been recently^ reviewed by Carter and 
Dieuaide®. 

Intermittent incomplete block 'with normal transmission intervals 
la not nearly ,so rare, and Ave as well as others have obtained records 
^__^umber of cases shoAving pi-incipally 2-to-l block. Tlie present 

to force auviculcv contrixcUons by mediivnical 
was Pi? ^ niethoU used was as follow.s : The 

The thorax was '’noil intratracheal respiration ar)paratus introduced, 
wnetional area Tif I' Pericardium incised, and a Lewis clamp applied to the 
"lacle betwS^ auriemif heart-block was produced. Connection ivas then 

mechanical 0^1 fV®, /.' by means of a thread in the attempt to make 

sponse. This wai t.T i contracting ventricle to the auricle force auricular re- 
'’>'t Without suc 4 ss and with varying tensions of the thread 
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ease shows the essential similarity in mechanism between intemit- 
tent incomplete and complete block, since nnmerons transitions oc- 
curred among normal rhythm, incomplete block with normal trans- 
mission intervals and complete block. 

Carter and Dieuaide point out that there is indicated in intermit- 
tent complete block a progressive anatomical lesion of the auriculo- 
ventricular bundle and thus a tendency toward the establishment of 
pei'manent block. In this connection it is of interest to note in our 
Case 3 that the final period of complete block had probably lasted 
for several months preceding death and that the isthmus of rela- 
tively intact muscle in the bundle showing round-cell infiltration 
suggested progression in the lesion. Eound-eell infiltration was also 
present in the bundle in Wells and Wiltshire’s ease. 

It is possibly of some interest to speculate on the nature of a 
lesion that may permit sudden transitions back and forth between 
complete block and normal rhythm. Carter and Dieuaide ’s sugges- 
tion that the bundle contains only a few’- intact fibers which are just 
equal to the W'-ork of transmission under favorable circumstances but 
fail when stresses occur does not offer an explanation as to wdiy in 
some cases of high-grade heart-block all transmitted beats have nor- 
mal P-R intervals. The findings in our case suggest that the im- 
portant factor may be the length of the critical area, in other w’orcls 
the distance through w’-hieh the excitation must traverse damaged 
tissues. 

Lewds^® has proposed the vicAv that prolongation of transmission in- 
tervals is due to the distribution of unexcitable tissue in the bundle 
in such a way as to require the excitatoiy process to pursue a sinuous 
course. Thus, if the baiuder to conduction is short, it is easily con- 
ceivable that such impulses as are able to pass do so w’^ith little delay 
since little or no deflection from a straight course Avould occur. 

Nunibe^' and Cooidition of Fibers Capable of Conducting the Ex- 
citatoi'y Process. — ^Factors winch determine wliether conduction or 
block of the exeitatoiy process is to occur are not clearly understood. 
If the generally accepted aIgav is correct, namely, that the excitatory 
process is an electrical disturbance transmitted from muscle fiber to 
muscle fiber, it ivould seem possible that continuity of single intact 
fibers might be sufficient to transmit the impulse effectively. It has 
been stated that a feiv fibers are capable of transmitting the impulse. 
Nevertheless, it is Avell knowm that conduction may fail despite the 
fact, that, as wms shown in Krumbhaar’s case,^^ later anatomical 
studies shoAV abundant continuity^ of fibers wliieh so far as can be 
told from their histological appearances should be capable of func- 
tion. 

Our Case 3 affords a very striking example of this apparent para- 
dox. Transmission of the excitatory process frequently failed in the 
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main biniclle, and during tlie last period of study before death trans- 
mission was not recorded despite the fact that serial sections of the 
bundle later shoAved that approximately one-eighth of the muscle 
was still present although doubtless somewliat damaged. 

On the other hand, during periods of complete heart-block, the 
shape and duration of the QES complexes of the electrocardiogram 
indicated that the impulses were spreading to the ventricles in a 
normal manner. From this we are compelled to assume that the 
impulse passed down not only the left main branch but also the 
right main branch as well. A ti'acing made three days before death 
still showed the normal type of QRS complexes. In spite of this 
finding the serial sections of the right branch showed that at one 
level destruction was complete except for a few atrophied fibers less 
than oue-half the normal diameter. We must then conclude that 
these few greatly atrophied fibers conducted the excitatory process 
through the right main branch without appreciable delay. We are 
entirely unable to offer any explanation as to why on the one hand 
a mass of fibers relatively intact failed to function whereas a little 
lower a few greatly atrophied fibers apparently functioned normally. 
Tlie natural inclination would be to question the data. Concerning 
the tracings there can be no question, and the sections have been 
studied so exhaustively as to seem to admit of no doubt as to cor- 
rectness of the findings. 


The Faxlnrc of Drugs and Vagus Siimulaiion io Effect the Degree 
of Block . — The response to atropin in the few cases of intermittent 
complete heart-block tested has been variable. In some previous 
eases it has been without effect. Carter and Dieuaide therefore re- 
peat the previous ■warning of Lewis to the effect that atropin is not 
conclusive as to the pathogenesis of heart-block. In other words, the 
failure of atropin to relieve or decrease block does not exclude the 
possibility of a functional element being present, as opposed to 
anatomical loss of continuity in the bundle. This view our ease 
abundantly confirms. 


The description of our atropin experiments given above would 
seem to exclude the likelihood of vagus effect being concerned in 
le block. The most decisive experiment in this respect is regarded 
y us as the injection of atropin made when block was not quite 
comp ete. This should have been a peculiarly favorable time at which 
u emonstrate vagus effect yet none could be obtained. 

inJ^^ during one-to-one transmission or various forms of 

b omp ete block vagus stimulation was without effect in increasing 
cert ■ evidence of the absence of vagus effect. The un- 

as due feeble effect of digitalis might also be interpreted 

' fo absence of vagus effect in the block. 
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riie failure of amyl nitrite and our one exiieriment with epinephrin 
suggest that aceelerator influences were also without effect. 

From these experiments we conclude tliat nervous influences, either 
vagus or accelerator, were either entirely lost or so feeble as to be 
of no importance in the area of block. 

It is of interest to note the effect of auricular rate on the grade 
of incomplete block. The results Avhether produced by amyl nitrite 
or by atropin ivere similar and may be seen in Fig. 14. As auricular 
rate was increased, there was a tendency for block to increase; and 
as the auricular rate declined, the grade of block declined. Thus in 
the course of a few minutes under the influence of amyl nitrite there 
was obtained 1-to-l, 2-to-l, 3-to-l, and 2-to-l beating. 

Jlariuni chloride was the only drug which showed definite effect 
in abolishing block, although it finallj^ lost its effect. Since barium 
is supposed to exert its effect b.y increasing excitability, we assume 
that this action was produced in the critical area. The final loss of 
this effect might have been due to the diminution of blood supply. 
An examination of the arterial twigs showed so much thickening and 
encroachment on the lumina of the vessels that the blood supply must 
have been precarious. 

Aberrance of QBS Complexes of Sequential Beats . — Slight differences 
in shape between the ventricular complexes of idioventricular and 
transmitted beats are not uncommon. One of us has recently re- 
ported a case in which each type of beat has its characteristic QRS 
complex^’’. We have not, however, previously seen tracings in which 
the QES complexes of transmitted beats were decidedly aberrant in 
form while those of idioventricular beats ivere within normal limits. 

The degree of aberrance I'ecorded in the ventricular waves of the 
transmitted beats is not sufficient to represent a complete bundle- 
branch block. It does, however, indicate some irregularity in the 
spread of the excitatoiy process through the ventricles. Neverthe- 
less, the fact that idioventricular beats inscribe normal ventricular 
complexes suggested that the fault did not lie in either of the 
branches but was to be found above the idioventricular center. 

The studies of the junctional tissues suggest that the explanation 
for the two types of ventricular curves is concerned with the posi- 
tion of the largest lesion. Pig. 9 shows that it lies mainly on the 
right side and dips into the right branch. Thus an impulse descend- 
ing from above would have to traverse a slightly longer route to 
reach the right branch than the left and might, therefore, inscribe 
an aberrant QRS eomplex whereas an idioventricular beat arising in 
the bundle below the level of greatest destruction might be expected 
to have a more direct path to the right branch and therefore not be 
delayed appreciably in its spread to the right side. 
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SUJIMAUY 

Cases previously reported exliiblting rapid retrogi-ade sequences 
in the presence ol: high-grade heart-block have furnished no evidence 
regarding the incchanism of these sequences. We report three cases 
with somewhat dift'ercnt forms of behavior, all of which yield data 
bearing on this problem. 

In Case 1 the duration of retrograde sequences is shown to be in- 
fluenced by their proximity to other retrograde sequences. 

In Case 2 the retrograde sequences occur in the presence of 2-to-l 
heart-block. The auriculoventricular intervals are unusually long 
and the retrograde sequences less prolonged. A much shorter retro- 
grade interval is observed following a long rest period. This case 
appeans to fiu'nish an in.stancc of reciprocal beating, the excitatory 
process traveling from auricles to ventideles and then back to 
auricles. 

In Case 3 isolated forward and retrograde sequences were recorded 
in short strips of tracing. The forward sequences exceeded in dura- 
tion the retrograde sequences by about O.OI secmul. After forward 
conduction ceased, retrograde sequences were no longer observed. 

The phenomena ob.served in these three eases may be accounted 
for by tlie hypothesis that retrograde seciuenees in high-grade heart- 
block are due to retrograde transmission of the excitatory process 
through the area of block; they cannot be satisfactorily explained on 
the basis of mechanical stimulation of auricles by ventricles. 

It is suggested that the association of bigli-gradc lieart-block witli 
normal transmission intervals is due to a short critical area for con- 
duction in the bundle, klorc serial sections of junctional tissues in 
cases of so-called intermittout heart-block are required to establish 
or disprove this view. 

Ihe functional capacity of junctional fibers to conduct the oxeit- 
atoiy process does not always bear a close relationsbii) to the liis- 
tologieal appearance. Thus it was found in Case 3 that a few greatly 
atrophied fibers in the right branch functioned without delay while 
a much larger group of normal-appearing fibers in the main bundle 
tailed to function. 

Aberrations in QRS complexes short of complete bundle-branch 
oc are not necessarily due to lesions below the branching of the 
wain bundle. They may be caused by lesions in the lower part of 
le main bundle located in such a position that the pathwmy to one 
e main branches is longer than the other. 

co^ ^^Ppareutly spontaneous changes among normal rhythm, in- 
of d ^ complete block occurred in onr Case 3 independently 

cmonstrable vagus or sympathetic nerve effects. 
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Our thanks are due to Dr. Edward B. Krumbhaar, Dr. Herbert Pox, and Dr 
John Eiman for their expert advice and assistance in tlie preparation aud studv 
of the serial sections. 
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BLECTROCAKDIOCtEAPHIC CHANGl^S IN DIPHTIIEHIA 

I. COI^IPLETK AURlCULOVEXTUlCUbAU DlSSOClATK)^ 

Robert I\L Stecmer, 'M.D. 

CEE\T2LAKn, OhIO 

T here is probably no acute disease in Avliich changes in the cir- 
culatoiy system and cardiac ineclianism occur as suddenly as in 
diphtheria. Sucli changes arc among Die jnosl serious complications of 
the disease, and their importance is increased because o£ the fact that 
the medical profession is practically helpless in its efforts to prevent, 
their occurrence or to remedy them after they have become evident. 
Further study of these cflccts in their various phases, therefore, seems 
justified. 

This paper deals with the electrocardiographic observations on nine- 
teen diphtheritic patients u'ho developed complete auriculovcntricular 
dissociation. Two distinct typos of complete auriculovcntricular dis- 
sociation occurring in di]fiitheria arc described. Delayed P-R conduc- 
tion preceding the on.sct of complete block is demonstrated. The fre- 
quent occurrence and ])robablc causes of delayed QRS interval arc 
discussed, and the striking similarity between the electrocardiographic 
abnormalities occurring in diphtheria and as a result of the toxic effects 
of digitalis is emphasized. 

Several excellent studies of electrocardiographic observations in 
diphtheria have appeared in recent years. iHeCulloclP in 1920 ob.served 
18 abnormal electrocardiograms in SO consecutive cases of di])hthe7'ia. 
These vary from inverted T-waves to venti-ieular tachycai’dia, intra- 
ventricular conduction defects, bundle-branch block, and complete 
auriculoventrieular block. 

Smith' studied elect roeaixliograms from 242 consecutive cases of 
diphtheria. Simple tachycai’dia was the only abnormality observed in 
per cent of his cases. Of the remaining cases, 65 per cent had sinus 
aiihythmia or sino-auricular block during convalescence. Premature 
eontraetions were present in 20 per cent, wliile 15 per cent of the re- 
juaming cases, or a little over 4 per cent of the total series, developed a 
ig grade heart-block about the seventh day of the disease. The block 
was piactically always of sudden onset and was followed by death 
jy in forty-eight hours in three-fourths of the cases; none of the pa- 
len s lecovered. Smith observed no instance of low grade heart-block. 
IS interesting to note that one of his patients resumed a normal 

exception of marlcedly inverted T-waves, after 
e e leart-bloek but died .suddenly the next da.y. 

eUy HospUal Medicine, Western Reserve Medical School at Cleveland 
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Marvin'^ in an extensive survey of past writings, discussed the clin- 
ical, pathological, and electrocardiographic aspects of the problem and 
included an analysis of 90 patients of his own. He concluded that the 
only electrocardiographic abnormality of value in estimating cardiac 
damage or impending death is faulty conduction, either auriciilo- 
ventricular or intraventricular. His autopsied cases showed varying 
degrees of myocarditis, at times including inflammatory changes of the 
conduction system. He described one case, snspected clinically of myo- 
cardial involvement, in which normal electrocardiograms were fre- 
quently obtained but Avliich at autopsy showed marked myocarditis. 
The conduction system, histologically, was quite normal. 

Parkinson'* reported one patient with eom])lete heart-block occurring 
in diphtheria, who is known to have recovered. Block was demonstrated 
by polygraph on the twenty-third day of the illness. Auricular fibril- 
lation was noted four days later and was still present when the patient 
was seen six months later. 

At least two instances of partial heart-block in diphtheria have been 
reported. Hume''* published a polygra])hic tracing showing 2-1 heart- 
block, and Marvin and Buckley® mention a similar case described by 
Heclit in which 2-1 heart-block iiersi.sted for four months and was fol- 
lowed by recovery. 

Before anal.yzing tlie results of this study, a statement of each case 
is presented, with description of the electrocardiograms, and a brief 
summary of the eases is given in Table T. 


Tabw: I 


CASE 

NO. 

SEX 

AGE 

ANTITOXIN 

UNITS 

administra- 
tion DAY OF 

DISEASE 

DAY OF DI.SEASE 
BLOCK WAS 

DISCOVERED 

DURATION OF 
OBSERVATION OF 

block 

1 

F 

15 

20,000 

4tli day 

10th day 

4 days 




40,000 

7 til day 



2 

M 

5 

40,000 

6th day 

7th day 

Less than one day 

3 

F 

8 

40,000 

3i d day 

7th day 

Less than one day 

4 

M 

4 

40,000 

4th day 

Stii day 

Less than one dai 

5 

F 

2 

None 


Unknown 

4 days 

6 

F 

5 

40,000 

4th day 

8th day 

Less than one da.' 

7 

F 

5 

20,000 

2nd day 

0th day 

2 days 




20,000 

(itii day 



8 

M 

14 

40,000 

5th day 

12tli day 

5 days 

9 

M 

7 

40,000 

6tli day 

10th day 

1 day 

10 

F 

5 

40,000 

3rd day 

8th day 

4 days 

11 

M 

5 

Unknown 

5th day 

10th day 

Less than one da^ 

12 

M 

13 

40,000 

4th day 

5th day 

4 days 

13 

F 

6 

20,000 

3rd daj- 

11th day 

Less than one dai 




40,000 

6th day 



14 

M 

7 

10,000 

2nd day 

lOtli day 

1 day 




10,000 

4th dav 



15 

F 

O 

45,000 

4th dav 

Otli day 

3 days 

16 

F 

3 

10,000 

3rd day 

7th day 

4 days 




10,000 

5th dav 



17 

M 

9 

40,000 

7th dav 

9th day 

1 day 


F 

18 

40,000 

5th day 

7 th day 

10 days 

19 

M 

10 

Unknown 

7 til day 

10th day 

Less than one da} 




40,000 

10 th day 


— 



<;T1:{'III:U: KliW'TKOCAUnJOCiUAlMlIC (•HAX(;i:s KV DllMITIIKIMA 547 

CASH KHCOUTS 

j whiU' };irl, yosus old, rcoi'ivod 20,000 units of ;mtiloxin on the 
fourth tiny, niid -10,000 niiils on llio sovontli day. The elect rocnrdioffniin of the 
fcvonth (lay shows n norinnl incclmnisin with a rate t)f lOO. left ventrioilar jne- 
pomlernnce and T-wave in the opposite direction to the tnain ventricular dellection 
in Loads II and III. A record taken on the tenth tlay shows coini>Icte heart-block, 



Hip. 1. — From Case t. The Oci-i nart Is .a recorO tutten on t\n' .seveinli <la>' of (tl.«- 
ea.'e .showinp normal im-ch.anlsni, .simple tiicliy<-!ii-tlln of I.’tn. and left ventricular jii'e- 
iwnuerancc. The T-wave.s In Leads It and III ale opposite In direction to llie main 
ventricular defiection. Tin- .second part wa.s taken on the tenth day of dl.seasi- and 
J^o'nplete heart-lilock with an auricular rale of so and ventrleutar rate of .'0. 
noth sllphtly lrr(‘Kutar. There Is left ventricular pr<-pon<Ieranee, (jUs Interval of 
I v.ariatlon of venirlcnhir eianph-xi.;: and T-\vaves opposite In direction t" 

iiiain ventricular comph-.ve.s In i.<.ail HI. 



P'etc hearl-&,'\vnh "‘I *-''1; day of disease. Heeord .slmw.s- eom- 

‘s coupled rhvthni to T ventrletilar ratt; of about flO. There 

“'■e in opposite dlvoM lit < M ventricular preponderance and T-wave.s 

iio.sue (Itioctlon to the main ventricular eomidcxes. 


ventripid-^*^' ' ventricular preponderance, and \iirinlion in the 

both sliel •’•''■■“•tilar nite is .SO tind the vinitrieular .">0, 

Leads I ana day tlierc is ti delinitc coupled rliythni in 

'■entricular vontriculiir prepondenineo, nn nnricnlar rale of 200, and a 

(Pie 2^ T>'* ■‘**'K>dI.v irrenuhir because of the euniiled rhvtbm 

L -uoath occurred on the tliirtcenth day. 
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Case 2.— A white boy, 5 years old, received 40,000 units of antitoxin on the sixth 
day. An electrocardiogram taken on the seventh day of the disease sliows compJeto 
heart-block vath a ventricular rate of 163 and an auricular rate of loo. Tlic 
ventricular complexes are essentially normal except for a delay in the QllS interval 



Fig. 3. — From Case 2. Lead II of a record taken on tlie seventli day of the dis- 
ease showing complete heart-block with auricular rate of 155 and ventricular tachy- 
cardia of 163. There is right ventricular preponderance and delayed QRS interval 
of 0.12 second. P-waves are easily recognizable. 



Fig. 4. — From Case 3. Lead II of a record taken on the seventh day shbwinr 
complete heart-block. The auricular rhythm is fairly regular with a rate ot 110. 
P-waves are prominent but frequently change their form. Ventricular rhythm is ir- 
regular with a rate of about 120. Complexes vary in Leads II and HI, and there is 
right ventricular preponderance. 



Fig, 5. — Prom Case 4. Record taken on the eighth day of the 
complete heart-block with auricular rate of 90 and ventricular yaries 

ventricular complexes vary gradually from positive to negatne. QRS t , 
from 0.12 to 0.16 second, and T-wave is always in opposite direction to mam 
tricular deflection. 


to 0.12 second. There is right ventricular preponderance, and T-waves are opposite 
the main ventricular deflection (Fig. 3). Ueatii occurred shortly after this recor 
was taken. 



STECHER : 


electrocardiographic changes in diphtheria 549 


Case 3— A white girl, S years old, received 40,000 units of antitoxin on the 
third day of the disease. An electrocardiogram taken on the seventh day shows 
complete he.art-block with cardiac action due entirely to short runs of ventricular 
tachycardia, varying from 3 to 11 heats. QHS interval varies ’from 0.1 to 0.12 
second. The ventricular coniploxes vary in shape, and ventricular rhythm is 
irregular with a rate of 120. Definite P-waves arc di.stingui.shahlc, but nowhere do 
they seem to stimulate ventricular contraction. Tlic P-waves change tlicir form. 



Pis. S. — From Case C. First record, taken on tlio eiRiitli da.v of tlLscasc, .siiorv.s 
normal mechanism, right ventricular prcponcleranco, and simple tachycardia of 1.10. 
Hie second record, taken four liours later, show.s rapid and irregular ventricular 
tachycardia with bizarre and rapidly chn'nging ventricular complexes, which at tinio.s 
are aitermating. QRS interval varies but at times is 0.2 second. P-wave.s arc not 
recognizable. 



regulS- s' on the eighth day of disease shows an ir- 

shape at about J30 The ventricular complexes vary in 

P . at times alternate in direction and QKS interval is donnitoly prolonged. 



■cgular von- 
QRS inter- 


disease. 4 years old, received 40,000 units on the fourth day of 

a fairlv 1 ^ taken on the eighth clay shows complete block 

be distbguiLa ^ of .about 120. The auricular rate cannot 

intraventricular w u following day shows the same block and also 

ail leads complexes gradually varying from positive to neg.ative 

^catricular rate is Prolonged, being from 0.12 to 0.16 seconds. The 

^ied the same day ’ auricular rate 90, both regular (Fig. 5). Tlie patient 
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Case 5.-— A wliite gii-1, 2 years old. The date of onset is not definitely known 
but was about tliree weeks before entry. The patient developed paralysis of the 
palate one week before entry. A record taken four days after entry shows com- 
plete heart-block,, ventricular rate of 140, auricular rate 100, both regular 
Teutrieular comple.xes are normal e.veept for low voltage. Deafli occurred five davs 
after admission to the hospital. 

Case G. — A white girl, 4 years old, received 40,000 units of antito.xin on the 
liftli day of the disease. An electrocardiogram taken on the eighth Atiy is normal 
except for a tachycardia of 136. A record four hours later shows rapid and 
irregular ventricular tachycardia of 140 with rapidly changing ventricular com- 
plexes, which at times are alternating. P-waves are not distinguishable. QRS 
interval varies but is markedly prolonged to 0.2 seconds (Pig. G). Death oc- 
curred within an hour of this record. 




Fig. 10. 


jTig 9. — From Case 9. KecorU, taken on the seventh day of the disease, shoiw 
tachycardia of 100, delayed P-R conduction of 0.22 second, prolonged QRS mtenai 
of 0.12 second and T-waves in opposite direction to main ventricular denection. 

jTig. 10. — From Case 9. Record taken on the tenth day shows cornplete 
block, with auricular rate of 140 and ventricular rate about 90. There is riglit \en- 
tricular preponderance, the ventricular complexes vary markedly 
is prolonged. In Lead III, T-waves vary from upright to downward m spite or in 
fact that the ventricular complexes are all upright. 


Case 7. — ^A wliite girl, 5 years old, received 20,000 units of antitoxin on the 
second day of the disease and also on the sixth day of the disease. An electro- 
cardiogram taken on the seventh day shows ventricular tachycardia and complete 
heart-block, with impulses arising regularly in the right ventricle. The auricular 
rate is 150 and the ventricular rate 120. A record on the following day shows 
an irregular ventricular tachycardia of 130, with rapidly cliangiiig, bizarre ventricular 
comple.xes. The auricular rate is 110 (Pig. 7). On the ninth day, the day o 
death, the heart again became regular, and the tracing resembles closely the one 
taken two days before. The auricular rate is 113 and the ventricular rate 1- 
(Fig. S). QBS interval varies but is definitely prolonged to O.IC second. 
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Case S— A white boy, 14 years old, received 40,000 rmits of antitoxin on the 
fiftli (lay of the disease. An electrocardiogram taken on the twelfth day shows 
1 ‘omplcle dissociation and an irregular mechanism interpreted as a ventricular 
tachycardia. The auricular rate is 100 and the vcniricvrlar 120. Two days later 
an essentially similar record was obtained in which the ventricular rate is 140; 
the auricular rate cannot be distinguished. QKS interval in both records is 
definitely prolonged. Death occurred on the seventeenth day. 

Case 9. — A white boy, 7 years old, received 40,000 units of antitoxin on the 
sixth day of the disease. An elcctroeardiogram taken on the seventh day shows 
a normal mechanism Avith delayed P-11 conduction of 0.22 second. The QRS in- 
terval is about 0.12 second, the Il-AvaA’e is splintered in Le;id 1, and the T-Avave 
is opposite in direction to the QllS in all leads (Fig. 0). A record taken on the 
tenth day shoAvs complete dissociation with a regular auricular rate of 140 and an 
irregular ventricular rate of 90. Yentricular complexes vary markedly, QES inter- 
val is prolonged, and in Lead III the T-wavc at tiiAAOs is inverted aard at times 



Fig-. 11. 


Fig-. 12. 


'iuction^if taken on the eighth clay shows delayed P-R con- 

ionsed QRS intpiwni ^ marked left ventricular preponderanee and pro- 

Fig 12— * ■ is I’esular and rate 80. 

heart-block AAdth’ aiiHomu v taken the day alter Fig. 11 shOAvs complete 
soncewhat irremil'fr Ado ventricular rate of 120, the latter being 

iiicginai. QRS interval is 0.12 second. 


Q®® complexes are all upright (Fig. 10) 
Death ocenrrecl the following day. i « t g -i L 

thiRl^^ ^ received 40,000 units of antitoxin on the 

ease shoA- '^‘^*^™®‘“’‘Dograins taken on the seventh and eighth days of the dis- 
'■espeetive'l A ratlier bizarre complexes and rates of 110 and 100 

hie essent^ 11 • i' 0 “rs later sIioavs ventricular complexes which 

second and t) P-waves are distinguishable, the P-E, interval is 0.36 

and TVave E-wiivc is splintered in Lead II, 

a record of tl direction to tlic main ventricular deflection (Pig. 11). 

rate of hq” ^®PoAving morning there is complete dissociation with an auricular 
head II ''’entncular rate of 120, both regular. The third complex in 

ef these record interval is 0.12 second in both 

Death occurred on the eleventh day. 
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Case 11.— A white boy, 5 years old, received autito.x-in on tlie fifth day, but the 
amount is^ unknown. He entered the hospital on the tenth day with a diagnosis 
of dilatation of tlie heart and died several hours after admission. Tiie eiectro- 
cardiogram shows a fairly regular ventricular rhythm with rate of about 60. 
P-waves are small but at times indistinguishable so that the auricular rate cannot 
be determined. There is marked widening of the QES interval to almost 0.2 
second. The ventricular complexes vary markedly in height in Lead III and 
the T-waves are opposite in direction to the main ventricular deflection in all leads. 

Case 12. — A white boy, 13 years old, received 40,000 units of antitoxin on the 
third day of the disease. On the fifth day the pulse rate dropped to Co. An 
electrocardiogram taken at this time shows complete heart-block, low voltage, slight 
delay in QKS interval of 0.1 second, an auricular rate of IIS, and ventricular 
rate of 66, both regular. Death occurred on the eighth day. 

Case 13.— A white girl, 6 years old, received 20,000 units of antitoxin on the 
third day of the disease and 40,000 units on the sixth day. An electrocardiogram 
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Fig-. 13. — From Case 18. Record shows complete heart-block and alternating bi- 
directional ventricular rlnvtlmi. Tiie auricular and ventricular rates are about «U. 
but tlie P-R interval varies markedly. QRS interval is prolonged to 0.16 secona ai 
times. T-waves are in the opposite direction to main ventricular deflections. 

taken on the day of death, which was the eleventh day of the disease, shoivs 
complete heart-block with a slightly irregular ventricular rate of 160. P-\vavcs 
are distinguishable but occur rather irregularly. QES interval is about 0.1 second. 

Case 14. — A white boy, 7 years old, received 10,000 units of antitoxin on the 
second and fourth days of the disease. An electrocardiogram taken on the tenth 
day of the disease shows complete heart-block with slightly irregular ventricular 
rate of 126 and an auricular rate of 100. Ventricular complexes vary shghtl) 
but are essentially normal except for QES interval of 0.12 second. Death oc 
eurred the following day. 

Case 15.— A white girl, 2 years old, received 45,000 units of antitoxin on the 
fourth day of the disease. The pulse rate varied from 100 to 140 until the nmt i 
day wlien it fell to 50. An electrocardiogram taken on the tenth day shous 
complete heart-block uuth an auricular rate of 100 and a ventricular rate o > 
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both regular. There is left ventricular preponderance, and QES interval varies 
from 0.12 to 0.10 second. A record of the eleventh day .show.s the same. Heath 
occurred on the twelfth day. 

A white girl, 3 years old, received 10,000 units of antitoxin on the 

third and fifth days. An electrocardiogram taken on the seventh day shows com- 
plete heart-block, marked variation in the vcnlricnlar complexes, ventricular rate 
of 110 somewhat irregular, and an auricular rate wliich could not be determined. 
Another record taken two days later shows complete heart-block with fairly normal 
ventricular complexes except for low voltage, a ventricular rate of 97 and auricular 
rate of 136, both regular. Death occurred on the eleventh day. 

Case 17. — A white boy, 9 years old, received 40,000 units on the seventh day of 
the disease. An electrocardiogram taken on the ninth day shows complete auriculo- 
ventricular dissociation, delayed intraventricular conduction of from 0.12 to 0.17 
second, inverted T-waves, regular rhythm, ventricular rate of 90, and an auricular 
rate of 126. QES complexes are upright in all leads. Death occurred on the 
tenth day. 

Case IS. — A white girl, IS years old, received 40,000 units of antitoxin on the 
fifth day of the disease. On the seventh day the pulse fell to GO, and a record 
showing complete heart-block was obtained. From this day until death, on the 
seventeenth day, sixteen tracings were made. All show complete aunculovcntricular 
dissociation varying from regular to irregular and in rate from GO to 140. There 
is marked variation in ventricular complexes and in QRS intervals up to 0.16 sec- 
ond. Alternating bi-directional ventricular rhythm is seen twice (Fig. 13). 

Case 19 . — A white boy, 10 years old, received two doses of antitoxin from the 
seventh to the tenth day of the disease, at which time he entered the hospital and 
was given 40,000 units in addition. On entrance the patient was pale and pulse- 
less; heart was dilated and irregular. An electrocardiogram shows complete anriculo- 
ventrieular dissociation with irregular rhythm and varying ventricular complexes, 
also marked delay in QES conduction up to 0.2 second. Death occurred four 
hours after enti'y. 

DIJSCUSSION 

This study is based upon observations of all cases of clinical dipli- 
theria iu wdiicli the presence of complete heart-block was proved electro- 
caidiographically. In no instance was resumption of a normal rliyllim 

0 served following the institution of block. These patients were all 
bb er twenty years old, and in every instance death occurred in from 
^ ew hours to ten days following the appearance of complete heart- 

1 oe . except one received substantial doses of diphtheria anti- 

early as the second, third and fourth days of the disease, 
gj of the disease before the observation of block varied from 

X 0 twelve days. In one case this period ivas unknown. 

disso^'^ which complete auriculoventricular 

maiiH occur. One is disfunction of the A-V bundle itself, 

of dro^ I ^ dofayed P-R interval, then presumably by a period 
slow vpn^• finally a complete block with an independent but 

nivolvemp I’liythm. This may be the result of an actual organic 
n of the eouduetion system.® The other way is by a fune- 
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tional disarrangement, probably caused by toxins, without irrepai-al)lc 
damage to the conduction system, as evidenced by the case reported 
by Smith, = in which a normal rhythm returned after complete heart- 
block. This would indicate that anatomical destruction of the conduc- 
tion system is not necessary for the production of block. Chloroform 
and digitalis poisoning and asphyxia cause other toxic states which 
may be associated Avith heart-block, but in which recovery is not nn- 
eommon. 

Complete auriculoventrieular dissociation also occurs as a re.sult of 
increased irritability of the ventricular muscle from various jioisons 
Avhich set up an independent rhythm in the ventricles, i.e., a ventricular 
tachycardia with a rate faster than that of the sinus or the auricles. 
Under these conditions dropped beats are not to be expected. This 
augmented irritability is often associated with defective intraventricular 
conduction, shown by prolonged QRS interval and rapidly changing 



Figr. 14. — Kecoi’cl fi-om a case not included in tliis series because complete heart- 
block was not observed. Tlie solid lines point to definite P-waves, the broken lines 
to probable F-waves and the aiTow in Lead I to a dropped beat. P-R inten-a! is 
0.26 second when it is recognized, ventricualr escape is common, the ventricular 
riiythm is irregular, and QRS interval is ,0.18 second. Tiie auricular rliythm is very 
iri-egular and at times seems to disappear for short periods. 

form of ventricnlar complexes from beat to beat. White" described 
tv'^o methods by Avhieli the ventricular rate exceeded the auricular rate. 
One occurs ivhen the automatic stimulus production in the atrioven- 
tricular node is released by any factor wliich depresses and sloivs the 
sino-auricular node; the other, which he characterizes as a rare tj’pe. 
occurs Avhen the atrioventricular node becomes so irritable as to esca])C 
from control of the sino-auricular node. He described three cases of 
liis OAvn and several from tlie literature, three of which ivere apparently 
due to digitabs and one to strophanthus. After large doses of atropine 
Wilson® saw this phenomenon during forced respiration. Christian- 
reported four eases showing vaiying degrees of block and rapidly 
ehano-ing form of ventricnlar complexes wliich he attributed to digitalis 
administration. Heivlett and BarringeU'’ point out that digitalis first 
decreases the heart rate but later causes independent auricular and 
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ventricular rhythms. Under these eireumslanees the ventricular rate 
approaches or*exceeds the auricular rate. They report, a dinicnl case 
of this kind in which the patient died twenty-four liours after onset. 
Heard and Colwell” cite a ca.se of pci-inancnt block of the right bundle- 
branch with tran.sient periods of eom])lclc auriculovcntrieular dissocia- 
tion which were definitely related to digitalis administration. In most 
of these periods the ventricular rale exceeds the auricular rate. 


It seems surprising that minor grades of hcart-blo(;k arc not more 
frequently encountered in diphtheria. Prom observations of cases on 
which many electrocardiograms were made, it is evident that ju'o found 
changes in cardiac function occur very vapidly. Three records, how- 
ever, are shown in which the P-H interval is definitely abnormal. In 
Case 9 (Pig. 9) the P-R interval is prolonged to 0.22 second with a 


regular rhythm and a rate of 100. Three days later there is eom])lete 
block with an auricular rate of 130 and vcnti'icular rate of 90 (Pig. 


iO). In Case 10 (Fig. 11) P-waves are definite and P-P interval is 



— Record from a cassc not inchuled in lUi.s sorio.«. l.-oad 1 sno\v.s normal 
shni-tM''*”’ ^''equent e.xtrasy.stolcs. Hoad III exti'asy.'slolo.s and ono 

fm recov • tacUyeardia with rate of 180. Tin- patient made an tincvent- 


niarkedly prolonged to 0.36 second with a regular rhythm and rate 
80. On the following day there is comjiletc block with an auricular 
(ate of 110 and a ventricular rate of 120 (Pig. 12). The third record 
(s fiom a case not included in this scries because complete heart-block 
IS not demonstrated (Pig. 14). Ventricular complexes are bizarre in 
aiape; QRg interval is markedly prolonged to 0.18 second. Ventrienlar 
escape is common in Leads I and II; but where ventricular comjilexes 
^0 ow P-waves, the P-R interval is 0.26 second. The wave marked 

H ^ I’cpresents a dropped beat. Both auricular and ventricular 
^‘Pdhms are irregular. 

faehyeardia in diphtheria may be a transient disorder 
fi’oiu^ Reeessarily fatal. For example, Fig. 15 is a record taken 
transi included in this series, but who showed this 

^’enti’icnl which he promptly recovered. In this record 

R ar extrasystoles are common, and a few xnns of ventricular 
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tachycardia occur; but conduction is not seriously impaired because 
normal conduction sequence prevails. It is interesting to compare this 
with Fig. 4 in which only short runs of extrasystoles are seen. In this 
figure there are several pauses as long as one second containing well- 
marked P-waves but normal ventricular complexes do not follow. 
Aurieuloventricular conduction does not occur. 

The individual records of ventricular tachycardia in this series show 
marked degrees of variation in rhythm. Some are quite regular, as 
described in Cases 2, 5, 7, 8, 10, 12, 15 and 17 (Figs. 4 and 8) ; some 
show a gradual but rhythmical change as in Case 4 (Fig. 5) ; while still 
others show rapidly changing and Avildlj^ bizarre complexes, as in Cases 
6 and 7 (Figs. 6 and 7), and to a slighter extent in Case 9 (Pig. 9). 

Alternating bi-directional ventricular tachj’-cardia can be found in 
Cases 6 and 7 (Figs. 6 and 7), lasting only during several beats. Case 
18 (Fig. 13), hoAvever, exhibits a ventiucular rhythm with alternating 
complexes in opposite directions for a considerable period. This phe- 
nomenon is observed in two i*eeords taken six hours apart, after which 
it changes to a regular ventricular rhythm arising in the right ven- 
tricle. Alternating bi-directional A'entricular rhythm Avas first de- 
scribed by SeliAvensen.^- Palmer and White^® revieAved the literature 
in 1928, finding only thirteen cases illustrating this phenomenon. Six 
months later Marvin^^ reported fiAm additional examples. All of these 
Avere eases of middle-aged patients Aidth damaged and fatigued myo- 
eardia, Avho had received substantial or excessive doses of digitalis. 
The authors believe that this drug constituted the most striking etio- 
logical factor.’ This represents a serious cardiac condition, as deatli 
usually occurred in several days. 

Prolongation of the QRS interval is one of the most constant changes 
of the ventricular complexes in this series. In fourteen cases it A'aried 
from 0.12 to 0.2 second. In tAvo cases it Avas 0.1 second, the upper 
limit of normal; Aidiile in only tAvo cases (Cases 5 and 16) Avas it under 
0.1 second. Prolongation of tlie QRS complex has been attributed in 
part to dilatation of the heart Avith resultant lengthening of the con- 
duction paths. While this may contribute, it seems inconceivable that 
the paths of conduction can be increased to tAvo and three times their 
normal length. It appears more likely that toxic depression in diph- 
theria impairs conduction. That this actually occurs is shown in tlie 
folloAving article of this series by demonstrating electrocardiographic 
tracings of patients AAdth marked QRS prolongation and eA’^en bundle- 
branch block folloAved shortly by clinical and electrocardiographic re- 
covery. Wilson and Herrmann^® reported a case of uremia in Avhich 
the QRS inteiwal increased to 0.2 second on the day of death. Tlicj 
attributed this to a toxic depression of the conductiAuty of the Purkinje 
system. In his studies of the toxic rhythms due to digitalis, Luten 
states that digitalis is knoAvn to depress intraventricular conduction. 
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In another article^' he says, "Our patients -who exliibited signs of 
severe toxemia and at tlie same time showed independent ventricular 
rhythm gave records wliich contained also evidence ol! impaired intra- 
ventricular conduction.” Robinson, on the other hand, reports ca.scs 
in Avhich prolongation of the QRS interval was decreased when clinical 
improvement occurred as a result of rest and digitalis. 

Though none of the ])atients of this scries received digitalis medica- 
tion of any sort during their stay in the hospital, the elect rocar- 
cliographie changes show a .striking similarity to some of the toxic effects 
of digitalis. Of the evidences of toxicity, prolonged P-R coduction 
has been pointed out in Cases 9 and 10 (Figs. 9 and 10). Complete 
heart-block Avith sIoav ventricular rhythm occurred in Cases 1, 11, 12, 
and 15 (Pig. 1). A striking coupled rhythm qitite .similar to that .seen 
as a digitalis effect is shown in Case 1 (Pig. 2). Of the le.ss frequently 
seen but Avell-known disorders following digitalis arc ventricular tachy- 
cardia Avith a A'entricular rate faster than the auricular rate in Cases 

2.5.7, 8, and 10 (Pig.s. 3, 8, and 12), irregular ventricular tachycardia 
in Cases 3, 4, 7, 9, 12, 13, 14, 16, aiAd 18 (Figs. 4, 6, and 7), varying 
and bizarre A'entricular complexes in Cases 1, 3, 4, 6, 7, 9, 16, 18, and 
19 (Pigs. 1, 5, 6, 7, and 10), delayed QRS conduction in Cases 1, 3, 4, 

6. 7, 8, 9, 10, II, 14, 15, 16, 17, 18, ’and 19 (Pig.s. 1, 2, 4, 5, 6, 7, 8, 9, 10, 
12, and 13), and alternating bi-directional ventricular tachycardia in 
Cases 6, 7, 18, and 19 (Pigs. 6, 7, aiAd 13). This supports the experi- 
ence of pediatricians that digitalis is definitely contraindicated in 
diphtheria. 

SUJIAIARY 

1. Nineteen cases of complete heaid-block occurring in diphtheria 
Avere studied electrocardiographically. All terminated fatally. 

2. Heart-block in diphtheria pA'obably I’c.sults from a toxic action 
Aipon the conduction system Avhich renders it functionally inactive or 
Aom an irritation of the A'entricular mu.scle Avhich results in the .setting 
up of an independent ventricular rliythm Avith a rate faster than that 
u the auricles. Both effects may occur simnltaneou.sly. 

3. Some of the effects of diphtheria on the cardiac mechanism simu- 
u e closely the toxic effects of digitalis. 

4. The opinion that digitalis is contraindicated in diphtheria is sub- 
stantiated. 

Pepart e.xpress liis -appreciation to Dr. J. A. Toomey and the 

wn of Contagious Diseases for permission to study these eases. 
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YENTKICULAK PIBKILLATION : ITS RELATION TO HEART- 

BLOCK 

Repout of a Case ix Wmcii Syncofae Attacks and Death Occuhhed 
IX THE Course of Quixidixe Therai’y" 

David Davis, IM.D., axd Howard B. Sdraoue, ^l.D. 

B0.STOX, rilAss. 

P ERSISTENT vcnlvieulav fibrillation in man is ineoinpatible with 
life. With it.s on, set there is nnconscionsness. ami when it contimie.s 
for more than a few minutes, death ensues. This oeeurs because the 
cardiac output falls to a level far below that necessary to maintain an 
adequate circulation. Clinically, then, ventricular fibrillation is mani- 
fested by syncope or sudden death. How fretjumdly ventricular fibril- 
lation is re.sponsible for .synco]ie is unknown. It is sij.niificant, how- 
ever, that in the few instances in which electrocardiojrrajihic studies 
have been made durin<r aftat'ks of uncon.scionsne.ss, flnffer or fibrilla- 
tion of the ventricles has been revealed in several. H is fnrlber sig- 
nificant that hut few instances of heart-block and ventricular standstill 
are on record. This has boon regarded as the eoinmon mechanism of 
syncope and sudden death in the IMorgagni-Adams-Stokes .syndrome. 
Lewis believes that ventricular fibrillation is probably the chief cause 
of fatal syncope. 

fliis abnormal rhythm is, then, of iinportanee to the elinieiau. His 
iniraecliate problems arc: (!) under what conditions does it occur; 
(2) what are its precursory mechanisms, and (3) how is it. influenced 
drugs. Tile purpose of the present communication is to discuss 
these problems and to report an additional caset of ventricular fibril- 
lation or flutter-fibrillation proved by electrocardiogram. 

The characteristic features of fibrilhitioii of the ventricles in man 
leviewed by Lewis in the third edition of bis Mcchaiiism and 
laphic Segisiraiion of ihc Heart Beat. Since the publication of this 

cmse.s liave been reported by Reid,- Haines 
rf n Levine and Mattin,’ Donatli and Kanf,'‘ von Iloes.slin,'’ 

sliow^^'^'^™ Berard," and De Boer.’'"' The case Avbieli we report 
0 ouec eleetroeavdiographic abnormalities consistent with those previ- 
lar^ criteria for circus movements of greater or le.ss regn- 

fronf ventricles and corresponding to curves recorded 

— Experimental animals in wlioin ventricular fibrillation was seen. 


Servict; of the Boston City Ho.‘<pilnl. 


Sreas*" Medical 

E'Win "'if?, outlined by Sidel and Doi wart’ in tbeii- article 

ot fully consideiod. ^^lariRnfion, but the clectrocavdiographie aspechs -ivci-e 
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The lumsual feature presented by this case was the occurrence of 
syncopal attacks associated Avith the ventricular acceleration. Tlie.se 
attacks Avere repeated many times during the last eight hours of the 
patient’s life, and the cardiac mechanism is explained by eleetroearclio- 
graphic tracings taken during the attacks and in the intervening peri- 
ods of consciousness. 

CASE REPORT 

V. L., a single woman of forty-eight years, was admitted to the Boston City 
Hospital January 19, 1926, complaining of shortness of breath of six mouths’ 
duration. In July, 1925, she was confined to bed with an attack of dyspnea and 
orthopnea. Keeoveiy was followed bj' moderate dyspnea on exertion, and on three 
subsequent occasions she had attacks of progressively severe dyspnea, orthopnea, 
and palpitation. The last attack began the latter part of December, 1925, since 
which time she had been confined to bed. 

At the age of eleven she had her first attack of rheumatic fever. All joints 
were swollen, painful, and very tender. Following this she had attacks of rheumatic 
fever about every three years up to 1921. 

From June 2, 1924, to June 18, 1924, she was a patient at the Boston City 
Hospital, her chief complaint at the time being shortness of breath and sore 
throat of ten days' duration. Her condition Avas diagnosed acute bronchitis. It 
Avas noted that for three years preceding this illness she had slight dyspnea on 
exertion. Examination on this admission showed a regular cardiac action except 
for occasional extra systoles. There Avas some enlargement of the heart to the 
left as determined clinically and by x-ray examination. No other essentials Avero 
noted. 

When admitted January' 19, 1926, the patient Avas found to be a AA'ell-developed 
and Avell-nourished, middle-aged woman in moderate respiratory’ distress. Breathing 
Avas rapid and labored, and orthopnea marked. There Avas cough at intervals of 
a fcAV minutes. Except for slight redness of the right side of the faucial ring 
the examination of the head and neck was negatir’e. The chest AVas barrel-sliapeil 
expansion on both sides being moderate and equal. The heart Avas definitely 
enlarged to the left, the apiex impulse being in the anterior axillary line 13 cm. to 
the left of the midsfernum. At the apex a thrill, probably diastolic in time, ivas 
felt. Tlie apex rate Avas 140, absolutely irregular in force and rhy'thm. Tlie first 
sound at the apex Avas loud and booming, the second sound weak. Loud to-and-fvo 
murmurs Avere present, but timing Avas difficult because of the rapid rate. The 
radial pulse rate Avas 80, the pulse deficit 60. The lungs Avere resonant tlirougli- 
out, aud tlie breath aud voice sounds Avere normal. At both bases posteriori}, 
from tlie midscapula doAvn, there AA'ere numerous coarse rales most marked on the 
left. The Ih’er Avas palpable three fingerbreadtlis beloAV the costal margin in 
the midclavicular line. Spleen and kidneys Avere not felt, and there Avas no 
OA’idonee of fluid in the abdomen. Slight pitting edema was present ovei hot ' 
legs. The radial arteries Avere soft. 

Blood pressure: sy'stolic 140 mm. mercury, diastolic 90 mm. White 
cell count 8,000. Urine: no albumin, no sugar, normal sediment, specific gian .' 
of 1.016. Blood Wassermann reaction negative. 

Absolute rest, repeated doses of ^,4 grain of morphine, to be given subeutaneousl), 
and large doses of the tincture of digitalis Avere ordered. The patient did 
Avell, and because of her frequent vomiting the nursing staff did not push 
digitalis to the desired extent. On Januai-y' 23, 1926, digitora pills, grains ii, Ih’’'’'’ 
times a day' Avere prescribed. 
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T)>e apex bent on Jnnunvy 23 was recorded at 120-140, with a pulse deficit 
niiiein"- from 25 to 40. There was sliglit general iinprovement, but the patient 
was still ovthopneic, and there were maivy rales at both bases. The edema of 
the legs had disappeared. A poor prognosis was given. 

The dose of digitora was changed to grains i, three times a day, on .Tannary 
24 , because of nausea and vomiting. 

The electrocardiogram of «Tanna7'3’ 20 dcmonsti’atccl auricular fibrillation and 
frequent ectopic ventricular beats. The ventricular rate was 90-103. 

Iinpovcmcnt was noted on January 28, while on digitora, grains i, three times 
a (lay, the apical rate being 90-100 witJi a pulse deficit of from 5 to 15. The pa- 
tient looked better and was comfortable in bed. There was very little dyspnea, 
and no rales were heard at the bases. 

On January 30 digitalis was diseontimied and qninidino therapy instituted. After 
a total of 61 grains (4 gm.) in three days the quinidine was diseontimied because 
of the marked nausea and gastric irritability' it evoked. For several days follow- 
ing, nausea and vomiting persisted and little food was taken. 

Digitora, grains ii, three times a day, was again ordered on Februarj' 5, and 
discontinued February 8. During this period no drop in pulse deficit was obtained, 
tlio drug being stopped because of nausea and vomiting. On the cigbtli slic was 
allowed up in a chair for a half hour daily, not because of any improvement, but 
merely to secure a better state of mind. 

On the ninth it was decided to give quinidine another trial, and accordingly 
a total of 123 grains (8.2 gm.) was given by the tbirteentb. This tberajiy was 
mtorruptod after an initial dose of 3 grains because of nausea and vomiting. 
Nevertheless it was continued tlic following da.v, althongli nausea was still present. 
The patient was up in a cliair for sliort periods. Orthopnea, dyspnea on exertion, 
and rales at both bases were present. She continued to do poorly- and died February- 
13, after eight hours of recurrent syncopal attacks. 


POST-MOUTKM EXAJtlNATION 


Icbraary 14, 1926. Twelve hours post-mortem. Body length 158 cm, 

Potilonral Cavity . — Numerous fibrous adhesions between gall bladder and omentum 
and pehis, between large ajid small intestines, uterus, left ovary and tube; liver 
w.)s ( cm. below xiphoid and 2 cm. below costal margin. No excess of fluid. 

Pleural Cavity. No excess of fluid. A few firm fibrous adhesions in the upper 
night pleural cavity-. 

Cnia'li/. — Patches of firm, fibrous adliesions wore found between 
^^^cci.i .-ind parietal surfaces in the region of the left ventricle and both auricles 

• about the large vessels. Elsewhere the surfaces were smooth and shining. 
■‘'>0 c.veess of fluid. 


left Si'L The heart was large, linn, and with a much dilated 

section the myocardium showed no evidence of fibrosis. The 
mitral^ M auricle was firm, smooth, and pinkish gray- -white. The 
"f tiie\”aF "nnch thickened and contracted. There was a point on the margin 
^id iiot''''° *^'*”*^ l^right red, irregular, and about 2 mm. in diameter. Tins 

tbickenec/'^^ surrounding surface. The chordae tendineae were shortened, 

the tissue of appearance. Fibrous tissue had replaced some of 

'"yoeardiuui i mnscles, making them grayish red, firm, and short. The 

t'lim iiornuil mitral and aortic valves was denser, firmer, and grayer 

u tiplo section elscwlieve revealed no gross fibrosis. 
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Meamremcnts : 


tricuspid valve 12.0 cm. ' 

pulmonary valve 8.2 cm. 

mitral valve 8.5 cm. 

aortic valve 6.5 cm. 


Circumference. 


left ventricle 
right ventricle 


1.3 cm. 
0.5 cm. 


Wall thickness. 


Liings . — The whole right lung was red, fairly firm, but crepitant throughout. 
Tlie left lower lobe was firm, red, but crepitant. On section these portions wore 
red, wet, and oozed considerable amounts of blood. 

Spleen . — Weight 255 gm. It was large, soft and grayish purple. On section 
tlie organ was soft, very dark pinplish red, and much pulp could be scraj)ed away. 

Liver . — Weight 1620 gm. It was regular, smooth, firm, and brownish red with 
markedly' rounded edges. On section the organ was firm, purplish brown, and 
lobulations were visible. Gall bladder and bile duets were negative. 

Aorta . — A few irregular yellowish areas were found on the abdominal aorta. 
Otherwise it was negative. 

Brain . — Weight 1315 gm. The surface was firm and pinkish gray, klultiple 
sections revealed no pathological changes. 

Anatomical Diagnosis . — Chronic auricular endocarditis, chronic endocarditis of 
mitral valve with mitral stenosis, congestion and edema of lungs, acute splenic 
tumor, old pericarditis, congestion of liver and spleen, old pleuritis, old peritonitis, 
multiple leiomyoma of uterus, simple cysts of ovary, mucous polyp of cervix, 
arteriosclerosis. 


DISCUSSION OF SYNCOPAL ATTACKS 

On Februaiy 13, 1926, at 4 p.m., three hours after the last dose of 
15 grains (1 gm.) of quinidine, the patient developed an unusual 
combination of symptoms tvhich were reijeated in cycles and wliicli 
ended in death eight hours later. 

The following note was made by the house officer: “About 4 p.m. 1 
was called to see the patient and found her lying jiropped up in bed 
breathing stertorously. This breathing quieted down and finally 
stopped completely. She became yellow and cyanotic ; the muscles of 
the left arm and both forearms twitched. The apex beat could not be 
detected, but after a minute the heart began to come back. During all 
this time the patient was unconscious, but noAV with the return of the 
heartbeat the patient began to regain consciousness. About fifteen 
minutes later she went through the following cycle: the heart rate at 
the apex becomes slower and slower and finally stops completeb • 
With this the jiatient swooms, lo.sing consciousness. She becomes pale 
and yellow, and then takes on a i^eouliar deathlike tint. The respiia 
tioii becomes deeper, then stertorous, and finally stops. Ten or fifteen 
seconds later twitching of the muscles of the face and left arm occuis- 
Then after the heart has been stopped (apparently) for two minutes 
and ten seconds, it gTadually begins to beat again. The patient s co or 
begins to return. The apex beat, at first absolutely irregulai foi a ou 
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forty beats, 1)00011108 iiioro vapitl niid coiipU'd. In Ibis coupled state it, 
remains until a second aiiaclv. At. inoiuonts tUc apex boat, appears ir- 
regular, sinnibiting fibrillation. Atropine, catVoin, and adrenalin bave 
been of no inlinence on tboso recurring attacks.” 

The patient’s breatliing just after Ibe ajijiarent loss of tbe a])ox boat 
was of the eliaraotor of Cbeyno-Stokes respiration, 'fbo broatbing be- 
came deeper, and more and more stertorous, gradually reached a sum- 
mit and gradually declined. Tbe active period conpirised on tbe aver- 
age about 30 respirations. Each respiratory phase was relatively short 





"nnllation, ventricular rate 
(amplitude not 
Csad 1 where 


Note; 

second. 


l,.c.aU8 I, II, anU III. .luwunvy 2fi, 1520. Aiwicvilnr 
.'10-100, low voItUKc of ventricular coniplexe.8 in nil Icad.^ 
-n'f'' nun.), .several ectoplv ventricular contractions, especially In 
alternate beat.s arc abnormal for four coupic.s followinfr tlic flftli I'joat. 
In ail figures scale on the orOlnale in lb-’ volt, and on tbe ab.scd.s.sa l.s 0.01 


compared to tbe interval between. AVith tlie onset ol; the apneic period 
le patient was usually ej'-aiiotic and appeared dying. From ten to 
wty seconds after this onset irregular beating at the apex could be 
^e^ectecl and shortly after this Ibe patient began to brealbe slowly. 

gradually regained consciousness. With 
iiio' gently moved her liead on the pillow, slowly ropeat- 

eousei^*^^ dying. These periods of. 

(ousness lasted but a few minutes, and then tbe same cycle ap- 
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pearecl all over again. Thus for eight hours the patient vacillated 
from “death” to life about once every five or ten minutes. 

When seen by one of us about three hours before death, the cyclic 
attacks were being frequently repeated. It appeard, however, that an 



Fig. 2. — Electrocardiogram, February 13. 1926. Probable auricular fibrillation, 
venti'icular rate 50-60, inverted T-waves, five complexes in opposite phase to tlie 
usual QRST deflections. Note ; In this and the following illustrations the lead is 
either I or II, as a confusion arose in the original marking. 





Fig. 3. — Febi’uary 13, 1.926. Record of an almost complete attack of ventricular tachy- 
cardia (see text). Recorded duration 32.8 seconds. 


attack was initiated by the onset of a very rapid heart rate. Ihc 
lieartbeats wei'e inaudible at the apex, but a trembling of the precoi- 
diuni could be felt during the time that this rate persisted, followed by 
the return of faint irregular beating of the heart at a much slower rate 
and finally the resumption of a relatively regular rhythm. 
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Electrocarcliogrnpliic studios -were made at this time. Technical dii- 
ficulties and the long distance between the patient and the. laboratory, 
^yith consequent telephone and hand signal relays, made accurate cor- 
relation between clinical and electrocardiographic records difficult. 
The electrocardiograms, however, are sufficiently clear to explain the 


ineclianism of the attacks. 

Fig. 1 is the electrocardiogram of January 20, 3926, eighteen days 
before the onset of the attacks preceding her death. It sliows aurieu- 








---I*.- A ■» 













slowlfc to ^ another attack of tachycardia. Rate 220, 

Note Recorded length of paroxysm is about 71.6 seconds, 

t mporarj recovery of normal conduction in one beat near tlie end of strip 4. 

lar fibrillation, rate 90-100, low T-waves in all leads, low voltage of 
QES complexes (amplitude not over 5 mm. in any lead), and several 
ectopic ventricular contractions. 

Fig. 2 is the record taken when tlie patient was seen by ns February 
) 1926, and shows the type of rhythm existing between attacks of 
ac lycardia. Absolute ventricular arrhythmia is present but ivitli less 
evidence of auricular activity tliaii in the previous tracing. The more 
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aberrant ventricular coinplexes are inverted and shirred. The rbytlm 
resembles that seen in patients Avho are intoxicated by digitalis iii 
ivhose electrocardiograms regular alternation in direction of the QRS 
complexes sometimes appears in attacks of tachycardia. The rate is 
50-60. It is possible that auricular standstill is present. 

Fig. 3 shows an almost comjilete attack of tachycardia, the tracing 
starting as soon after the onset as it Avas possible to start the electro- 
cardiograph. During this attack the patient lapsed into unconscious- 
ness as preAuously described. The first part of the record slimvs a reg- 
ular diphasic oscillation of the string shadoAv at a rate of 230-250. 
There is a sIoav waxing and Avaning of the amplitude of the deflection. 
This phasic variation has been noted by LcAvis^^ in experimental ven- 
tricular fibi'illation. It is probably related to a change in electrical 
axis of the circulating wave in the Amntriele as it alters its course. As 
the attack progressed the rate fell (in the second strip) to 210 and 
the complexes have more the form seen in paroxysmal A’^entrieidar 
taeh 3 mardia. The offset of the attack is abrupt after a recorded dura- 



Eig. 5. — Record taken after patient had stopped breatliing and was, to all appear- 
ances, dead. Rate 33 and regular. Probable auricular standstill. 

tion of 32.8 seconds. A short period of gross arrhythmia follpAVS, suc- 
ceeded bj^ a regular rh.ythm at a rate of 80. 

A similar attack is shoAvu in Fig. 4. The earlj’- part of this record 
shoAvs a rate of 220, hut this is reduced to 150 at the end of the par- 
oxysm. Small Avaves present in the last strip suggest auricular activ- 
ity, but manj" artefacts Avere caused bj^ muscular movements of the 
patient. 

Fig. 5 is an electrocardiogram taken after the patient had stopped 
breathing and Avas dead. It sIioavs sIoav, regular, ventricular beats at 
a rate of 33 per minute. This cardiac action continued for several 
minutes after all other signs of life Avere absent. 

DISCUSSION OP MECHANISAI OP A’ENTRICULAB PIBRILLATION 

Tbe exact mechanisms acting in the human heart during Amntrieular 
fibrillation are as jmt nnknoAAui. It seems clear, however, tliat tlie 
patient here reported Avas suffering from an abnormal rlijdhm best 
considered as fibrillation of the A'-entrieles or perhaps more accurately 
as a preliminary rhythm to fibrillation, of the nature of A^eutriculav 
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flnttei’. Tlio prcdoiniiuiting rojrularity oi' iho oseillalions at. a rate not 
cxc(H'(lnig 250 is in favor of llio lalUM' diaji’no^is- 
It is probable that the nu'clianism in Yontricnlar fibrillation is similar 
to that known to occur in the auricles, and is pi-oduced by the develop- 
ment of a circus movement. Tlie jreneral character of the curves ob- 
tained is in favor of this liypothesis, and the forms of the difl'erent 
tracings recorded in the literature may represent stages analogous to 
those of fibrillation, flutter-fibrillation, and pure flutter of the auricles. 
The presence of highly specialized conducting tissues in tlie ventricles 
adds to the complexity of the circus movement when occurring in that 
chamber of the heart. An electrocardiogram published by Kerr and 
Bender^ shows a very rapid and irregular oscillation of the string, at 
a rate of about 1000 per minute. This would more accurately corre- 
spond to what we call fibrillation in the au)-icles, in contrast to the 
sloiver and more regular rhythm recorded in our ease. 


QUIKIDINE AND VEKTUICUUAR FIT5H1EEATIOX 

Digitalis and qninidine have both been held responsible for ventricu- 
lar fibrillation in man. Both drugs had beeji given in full doses to the 
patient ive are reporting. In the case described by Iverr and Bender'' 
attacks of syncope occurred in the cour.se of {piinidine therapy, and 
were shown by electrocardiograms to have been related to periods of 
I'apid ventricular tachycardia, such as we arc describing. An attack 
was initiated at one time in their case by the administration of 3.6 
grams of quiuidine sulphate in four days. In our patient 8.2 grams 
were given in four days. 

The occurrence of unexplained death in the course of qninidine 
therapy has been the chief objection to its use. Because of this possi- 
bility this valuable drug has been discarded in many clinics. Attacks 
of syneope" have been noted in the course of qninidine therapy, and at 
least in two instances .such .syncope lias proved to be associated witJi the 
onset of ventricular fibrillation. It has been sbown^“ that the usual 
mechanism of qninidine death in eats is by respiratory paralysis. How 
often this mechanism has been responsible for death in man is uii- 
Iniowii. hlore observations on the mode of death in higher mammals 
|ionld throw light on this problem. As Garry has shown, it is easier 
0 produce ventricular fibrillation in the hearts of larger animals. 

I>EB0ER’s THEORY OP QUINIDINE ACTION IN VENTRICULAR FIBRILLATION 

mode whereby fibrillation in the ventricles is produced is nn- 
^Bonn. Lewi.s suggests that it may be the production of a circus 
^^mement through reentrant ectopic beats. De Boer^- lias recently 
Problem in an article entitled Veniricidar Fibrillation in 
raii^ and the Action of Qninidi^ie and Quinine Prepa- 

ons in Heart-Block. lie emphasizes the fact that these preparations 
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alter the metabolic condition of the ventricular muscle so that varia- 
tions in the refractory period occur irregularly in dift’erent parts of 
the heart, and permit of the development of a circulating wave frojii 
reentrant ectopic beats, hloreover in auriculovcntricular block the 
protecting influence of the His-Purkinje system is in abeyance. If 
intraventricular block is also present, the danger from quiuidine in 
producing ectopic ventricular heats with circus movements is greatly 
increased. 

De Boer appreciates what seems to us to be the important factor in 
the development of ventricular fibrillation, namely, the significance of 
the conducting system in preventing the development of circulating 
waves in ventricular muscle. His conclusions, however, are somewhat 
different from ours. 

THEORETICAL FACTORS IN THE PRODUCTION OF VENTRICULAR FIBRILLATION 

Let US first consider the physiological control normally oj)eratiug to 
prevent an excitation, arising in the ventricular musculature, from 
going on to the iiroduetion of circus movements in the ventricle. Ex- 
tras 3 ’'stoles are of common occurrence, but examples of reexcitation are 
infrequent. 

Ventricular premature contractions are known to be followed by a 
compensatory pause which is due to a condition of refractoriness. This 
refractoriness is uniformly distributed over the entire musculature, 
and it is probable that such a generalized refractory state is responsi- 
ble for the prevention of reexcitation and formation of circus move- 
ments. It is also probable that the uniform refractoriness of the ven- 
tricles as a whole is brought about by the elaborate conducting system 
in the ventricles : the bundle tissue, its branches, and the Purkinje 
fibers. An excitation that arises from a focus in muscle spreads in all 
directions and quickly reaches the endothelium and Purkinje fibers. 
Through these fibers it is quickly distributed to all parts of the ventri- 
cles. Conduction in ventricular muscle proceeds at a rate of about 
450 mm. per second, whereas conduction in the Purkinje fibers varies 
from 2000 to 3000 mm. per second — ^from four to six times as rapidly. 
This permits an excitation spreading through the Purkinje fibers to 
intercept the excitation process spreading through muscle from the 
original focus, and in this ivay the entire muscle contracts almost 
simultaneously and is left in a generalized refractoiy state. 

If it is allowed that the integrity of the bundle tissues and the 
Purkinje s.ystem normally prevents the formation of circus movement 
in the ventricles, then it would folloAv that depression, disease, or 
injury to these tissues ivould predispose or lead to fibrillation of the 
venti-ieles. This, Ave believe, is the chief factor. Both quinidine and 
digitalis are knoAA’u to depress these tissues. HoAvever, in the cat 
quinidine usually kills by respiratory paraB^sis and digitalis by its 



DAVIS AND SPRAGUE: VENTRICULAR FIDRILLATIOK 


569 


action on the ventricular muscle, before, according' to the theory, the 
damage to the bundle tissue and Purkinje system, per se, is great 
enough to precipitate fibrillation. 

Lewis^* and his co workers have studied the action of quinidine on 
the heart of the dog and demonstrated that quinidine greatly depresses 
the am-icnloventricular node and bundle tissues of the dog’s heart. A 
lengthening of the P-R intervals is regularly noted. A single dose of 
0.1 gram given to dogs increased- the QRS duration of the electrocar- 
diogram hy about 20 or 30 per cent. Repeated doses increased the time 
by 50 or 70 per cent. It is likely that quinidine in man has a similar 
depressing action on the bundle branch and Purkinje tissues. 

In its action on the fibrillating auricles quinidine was found to (1) 
slow the rate of conduction, and (2) increase the refractory period. 
According to their experiments both actions were marked — an increase 
ill the time of conduction and the lengthening of the refractory period 
amounting to about 100 per cent with large doses. The following fac- 
tors will theoretically favor the continuation of circus movements in a 
muscle: (1) a long path or circuit, (2) a slow rate of conduction, (3) 
a short refractory period. In the fibrillating amucles the main path is 
usually confined to a ring about the great veins of the right auricle. 
In the ventricle, as far as is known, there is no one special circuit, and 
judging from the curves obtained, the circuit may be considerably 
longer than the path existing in auricular fibi’illation. The rate of con- 
duction in the ventricular muscle is approximately one-half the rate in 
the auricles (auricular rate 1000 mm. per second, ventricular rate 450 
mm. per second). The longer circuit and the slower rate of con- 
duction in the ventricular muscle favor circus movements by insuring 
a larger responsive gap. These conditions may be so favorable as to 
he but little influenced by quinidine. Further, the effects of its action 
OR late of conduction and the length of the refractory pieriod tend to 

alance each other. This appears to explain why quinidine, a drug 
V ueh abolishes fibrillation in the auricles, is unable to prevent the 
inception of fibrillation in the ventricles. On the contrary, b 3 ^ its de- 
pHssing action on the bundle tissue and because of favorable eondi- 

mns in the ventricles, fibrillation maj'- be favored. 


relation op heart-block to VENTRICULAR FIBRILLATION 

Pile of 13 reported cases of ventricular fibrillation occurring in man 
eie associated with complete heart-block as the underljnng rh.vthm, 
following the fibrillation. In the case reported 
R le ihythm, also, appeared to be governed from an infra-auricular 
^ cases -with complete heart-block showed sjuicope or 
hon^y >i.yiidrome during the period of fibrillation. The ques- 
often is ventricular fibrillation the underljdng mech- 
^ in attacks of syncope known as Adams-Stokes sjmdrome. This 
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condition occurs in patients with disease of the bundle tissue and the 
usual supposition is complete ventricular standstill. As but few elec- 
trocardiographie studies have been made during such attacks, the fre- 
quency of ventricular fibrillation is unknown. 

The poor prognosis in patients with disease of the bundle tissues 
suggests that coordinated ventricular action is dependent upon activ- 
ity of the nodal centers situated in the bundle tissues. It would seem 
that with complete depression of these tissues ventricular action, save 
ventricular tachycardia or ventricular fibrillation, is impossible. Tliis 
fact together with the noted association of heart-block and ventricular 
fibrillation is CAddence in fuAmr of the hyiiotliesis presented above. 
From this tlieoiy it folloAvs that a depressing drug acting on a bundle 
tissue already depressed by disease Avould find conditions favorable for 
the jiroductioii of fibrillation. This seems to liaAm been the situation in 
the case of Kerr and Bender and perhaps in the ease Ave are reporting. 

It is likely that depression of bundle tissues alone is the important 
precursor. The depression of the Purkinje system is of less importance 
for tAvo reasons: (1) permanent A'^entxdcular rhythm governed by cen- 
ters located beloAv the bundles in Purkinje or muscle tissues is im- 
knoAvn, (2) depression sufficient to prevent simultaneous transmission 
from an active nodal center to all parts of the ventricle Avould have to 
be unusuallj^ extensiA^e. The Aiddespread Purkinje tissue is not as 
easily blocked as small center’s confined to the bundle tissues. 

THE MECHANISM OF CESSATION OP THE ATTACKS 

The mechanism by Avhich A'entricular fibrillation is brought to a close 
remains to be discussed. We Avill recall that in our case the rhythm 
Avas gOAmrned from an infra-auricular center. An aualj^sis of our trac- 
ings suggests that this center Avas not constant, but Amried. It is 
apparent that the depression of the bundle tissues and Purkinje system 
that Ave hold responsible for the onset of fibrillation, recoA'^ered suffi- 
ciently to permit transmission. If this recoverj'- took place in the pres- 
ence of circus movements in the Awntricular muscle, those circus move- 
ments would theoretical^ be bz’ought to a close bj^ the first excitation 
arising from the node and distributing through the Purkinje system to 
the musculature. This Avould destroy any responsive gap and result m 
a general state of refractoriness from AAdiich the Awntricle Avould re- 
cover and permit the continuity of I’hythmic control from the nodal 
center. As long as the nodal center and Purkinje fibers remained 
excitable, this rhythm Avoukl continue. With the reappearance of fa- 
ther depression, fibrillation might be precipitated again. The char- 
acter of the tracings in the interfibrillation jreriods sngge.sts incomplete 
recovery in the bundle-branch ti.ssues. 

De Boer believes that the intact conducting system prcA’ents initia- 
tion of ventricular fibrillation in the normal heart by permitting the 
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diffusely distributed imiuilsos of contniclioii to neulriilize eneb other 
in all parts of the heart at one. time. We would siifTfrest that the 
development of a preneralized refractory .slate of ventrieular muscle 
following contraction brouglit about by a normal rnrbinji' and His 
svstem conduction is responsible for llie jirevention of reentrant beats 
and eirems nioveim'nt.s. De l>oei* also belii’ves that the cessatiem of an 
attack due to qninidine can be explained by a fnriber action oi the 
drug in so altering the refractory i)eriod that, the eircnlating wave 
meets a wall of refractory muscle. A similar etVecd eonid occur with 
recovery and activity of the anriculovcntricnlar node and conduction 
system. Impulses from node to I’urkinje fibers would llieoretieally 
produce a totally refractory ventricular muscle, and thus' end the 
circus movements. It is probable that (juinidine has imjmrtant actions 
on both ventricidar muscle and conduction systems. It is onr iinpre.s- 
sioii tiiat influences on the latter ar(‘ of major signineanec. 


moiTAMs Axn VKXTiarunAU rimnnnATiox 

A corollary from this analysis would coneern the ))art ])lay(;d by 
digitali.s in flie patliogenesis of venlriculai’ tibidllation. It Avonld aj)- 
peav likely that there is daugtw of jireeipitating sneh an abnormal 
rliythm by digitalis, in cases in which tlnu'c is disease of the His bun- 
dle and its branches, by its dtqire.ssing elVeet upon these ti.s.sues. De- 
pression of the idioventricidar center. e.s])ecially if the brandies of fbe 
bundle show evidence of lowen'd conductivity, would certainly favor 
such a rliythm. moreover, this consideration would make it appear 
safer to omit digitalis during (ininidine Iherajiy. since the danger of 
nidiicing A'cntricular circus movements is ininimi/cd by the jireseiice 
of an intact condncling .system. 


.SUMAIARV 

A patient witii rheumatic heart disease Avith .syncojial attacks and 
death is reported with clinical, dcctrocardiogi-aphic and antojisv 
fiudings. 

liicctrocardiographic study showed the mechanism in the heart, 
luinig unconsciousness, to be a probable circus movement in the ven- 
es, of the nature of flutter or fibrillation, associated with auriculo- 
mular dissociation and auricular fibrillation or standstill. 

mod received both digitalis and ((uinidine sulphate in 

doses. The possible influence of tlicse drugs in initi- 

by depression of the llis-Puvkiine svstem 
^8 chseus.sed. ‘ 


block combined auriculoventricular and intraventricular 

diietinJ r liable to ventricular cii'cns rhythm if the con- 

^ssues are furtlier depressed by digitalis oi‘ qninidine. 
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5. On theoretical grounds the use of quinidine to restore normal 
rhythm in auricular fibrillation Avould seem to be safer when it is not 
administered in combination with, or directljr following digitalis. This 
conclusion is more definite when intraventricular block is present. 

We wish to express our thanks to Dr. Ealph C. Larrabec for liis pcnnissiou 
to study and report this case. 
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THE DEVELOPMENT OF THE ABNOJUIAL COMPLEXES OF 
THE ELECTROCARDIOGHA^r IN CORONARY OCCLUSION'^ 

Norman S. IHooue., IvL.D., axo John R. CAMrmxii, ,1 r., ?\LD. 

New York, N. Y. 


A t the present time most dinieians believe Ibat occlusion of a 
coronary artery is usually accomj)anied by a definite clinical 
synclrome. Herrick^ in 1912 first accurately described in the Ameri- 
can literature, the clinical signs and symptoms of this condition, -which 
until that time had been confused with angina pectoris. The excel- 
lent papers of Longcope,' Wearn,-‘ llamman,^ and many others in the 
last decade have led to a better definition of the signs and symptoms 
wliich folloAV sudden occlusion of a coronary artery with re.sulting 
infarction of cardiac muscle. 

While contributions were being made to the recognition of the clin- 
ical syndrome accompanying this condition, investigators were study- 
ing, by means of electrocardiograms, deviations of the electrical cur- 
rents Avhieh occur when cardiac muscle is injured by artificial means. 
Having this experimental basis, clinicians began to observe the 
changes in the electrocardiogram which take place when patients 
suffered from occlusion of a coronary artery. 

In 1909 Eppinger and Rothberger'* observed very unusual altera- 
tions ill the electrocardiogram when an area of the left ventricular mus- 
cle of a dog was destroyed by the injection of silver nitrate into the car- 
diac Avail. Tins change Avas characterized by marked alterations in 
the QRS complex, the R-T segment ax'ising high on the descending 
hinb of the R-AvaAm. Gradual loAvering of this segment folloAved until 
it became isoelectric. The final summit of the R-T segment Avas desig- 
nated the T-Avave by these authors. 

Later, Samojlotf® observed similar changes in the form of the elec- 
tiocauliogram in experiments carried out on the hearts of frogs. When 
ail aiea of muscle near the apex Avas traumatized, elevation of the 
segment above the base line occurred. Such changes Avere of 
siort duration, returning to normal on the death of the injured area 
muscle. 

Lmitlp ligated branches of the coronary arteries of dogs; 
level similar rises in the R-T segment above the isoelectric 

th inrge percentage of his animals. lie likennse designated 

Liim of the R-T segment the T-Avave and noted that in 

tivp ^ approached the base line and finally became nega- 


'"ent .(Cornell) Division, Belle.vue Hospital anti the Depart- 
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111 1920, fSiiiitli® foniid that intevruiitioii of the blood siipjily to t)ie 
apical region of the left ventricle gave tlie greatest exaggeration of 
this peculiar alteration of the eleetrocardiograin. He found also that 
ligation of the vessels supplying the right ventricle was not accom- 
panied by these changes. Steivart" is of the opinion that at the 
present time a correlation cannot be demonstrated to exist between 
electrocardiographic signs and the specific coronary artery occliidecl. 
He arrived at this conclusion from a study of published records of 
jiatients dying of eoronaiy occlusion in Avhich the specific vessel in- 
volved was stated in the autopsy report together with the electro- 
cardiographic changes which were observed. Otto,^® however, has 
recently demonstrated that transient occlusion of a coronary vessel 
in dogs gives rather constant .specific changes in the form of the 
electrocardiogram. It remains to be proved that such temporary 
occlusions have the same effect on the electrocardiogram as have the 
more permanent ocelusioiis wliieli occur in patients in the clinic. 

Pardee^^ in 1920 obtained from a patient exhibiting the signs and 
symptoms Avhich accompany occlusion of a coronary artery electro- 
cardiograms which were somewhat similar to those which Eppinger 
and Eothberger® and Smitlff had jireviously described. By infer- 
ence Pardee concluded that the presence of distortion of the K-T 
segment was a sign of occlusion of a coronary artery. He further 
observed in this case that shortly after the alteration of the K-T 
segment the T-waves became inverted in all three leads. He also 
directed attention to the large amplitude and sharp spiking of the 
T-waves. Since the patient recovered and lived for two years, cer- 
tainty of the pathological lesion which was j^i’csent at the time of 
the attack is lacking. 

In 1922 Kahn^- intimated that increase in amplitude of the T-wave 
of the electrocardiogram, followed later by sharp inversion and 
gradual return to the isoelectric level, was a characteristic sign of 
coronary occlusion. His records also revealed the E-T segment 
in Lead I arising from the descending limb of the E-wave, slightly 
above the base line. At autopsy it was demonstrated that coronary 
thrombosis was the pathological lesion. 

Wearn^ in 1923 described certain alterations in the T-waves of 
the electrocardiograms derived from ten patients suffering from 
coronary occlusion. Because of the variety of changes which were 
observed he was of the opinion that no one form of the electro- 
cardiogram was characteristic of this condition. The necropsy re- 
ports were combined in such a manner that individual pathologica 
lesions could not be associated with corresponding change in the 
T-waves. 

In 1923 Smith, i'" in reporting studies of eleven cases of coronary 
occlusion, included the report of a patient in whom the descending 
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branch of the left coronary artery had been ligated. The electro- 
cardiogram obtained from this patient nineteen days after opei-ation 
roYcakHl negative T-waves in all three leads. They remained nega- 
tive. for a period of eight and one-half months; at the end of this time 
they were found to be imsitive in Ijeads i and 11. himith concluded 
from hi.s observation.s on this series tliat decreased amplitude of the 
QRS complexes as ivell as changes in tiie T-waves ivere of diagnostic 
value. 

Oppeuheimer and Rothschild'-* in 1924, in a report of a series of 
cases of coronary occlusion that came to autopsy, placed emphasis on 
distortion of the R-T segment and the characteristic rise of this seg- 
ment from isoelectric level. Tliey noted that the distance between 
the R-T segment and the base line must be 0.1 millivolt to be of .sig- 
nificance. They designated the .second ‘summit of the R-T segment 
the T--\vave and observed that the T-wave became more separated 
from the R-wave by an upward convexity as the segment approached 
the isoelectric level. They called this convexity the "cove plane" 
T-wave. Pardee'^ in his series designated as "coronary T-waves" 
waves Avhich were similar in form to those just described. 

Willius and Barnes'" in 1925 reported changes in the T-wave in 
eight eases of coronary occlusion. The most frequent change ob- 
served was negativity of the T-wave in Lead I ; less frequently there 
was irregularity of this wave in one or both of the other two leads. 
Two patients in whom the electrocardiograms .showed elcAmtion of the 
E-T segments came to autopsy; occlusion of the coronary artery was 
the pathological lesion. 


Recently, Parkinson and Bedford*' published a series of twenty- 
eight cases in which they were of the opinion that the lesion was 
cardiac infarction following coronary occlusion. Six of the patients 
died; four of these came to autopsy; in these the clinical diagnosis 
was found to be correct. That is to say, cardiac infarction vvas the 
pathological lesion. As the most usual electrocardiographic iihenom- 
eiion they observed deviation of the R-T and S-T segments of the ven- 
tricular complexes from the isoelectric line. The deviation usually 
measured 1.3 mm. but sometimes reached 6 mm. (10 mm. equal 1 milli- 
^mlt). In the majority of their cases they found the R-T or the S-T 
miation was best seen in Leads I and III. The deviations were always 
opposite in direction in these two leads. Elevation in Lead I was found 
0 e as frequent in occurrence as depression. 

h ONperimental and clinical studies just reviewed, reference 
ms ceil made to several authors who have designated as a T-wave 
Brdf ^^-^1 segment of their records. Parkinson and 

sea opinion, hoAvever, that this portion of the R-T 

designated. They publish records in which 
0 -wmves appear before the R-T segment returns to the iso- 
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electric level. These T-waves are always opposite in direction to the 
initial deviation of the R-T segment. 

Parkinson and Bedford from an analysis of the records of tlieir 
own patients, as ■well as of those of others, express the opinion that 
the form which electrocardiograms assume following coronary occlu- 
sion falls into one of two main groups : in one group the T-wave is 
negative in Lead I and sharply jiositive in Lead III,- in the other 
group the T-wave is positive in Lead I and negative in Lead III. 
They designate these groups the T 1 and T 3 types respectively. 

There seems therefore to be evidence, experimental as well as clini- 
cal, that sudden closure of a branch of a coronaiy artery is usually 
accompanied by a change in the ventricular complex of the electro- 
eai’diogram. On searching the literature there is a surprising scarcity 
of complete series of electrocardiograms illustrating the types of 
changes that maj^ occur in this condition and the transformation and 
development from day to day of various abnormal complexes that 
follow infarction of cardiac muscle. 

It is our purpose to report the clinical course of a patient exhibit- 
ing the signs and sjunptoms of coronary occlusion, together with a 
series of electrocardiograms illustrating the progressive development 
of changes in tlie QRS and T-wa^^es. These curves resemble 
closely the development of the T-wave schematically proposed by 
Parkinson and Bedford. We have failed to find in the literature a 
similar series of electrocardiograms which show the successive steps 
in the evolution of the abnormal waves which are said to be charac- 
tei’istie of this lesion. 


CASE HISTORY 

C. B., was a Avliite man, single, 38 years old. He worked as a cliauffeur. He 
was admitted to the hospital on Nov. 23, 1927, at 10 P.M., complaining of severe, 
stabbing precordial pain of two hours’ duration. He was discharged from hospital 
on Jan. 13, 1928. 

Present Illness . — The patient’s illness began thirty-three hours before admission- 
While laying a carpet in his home he felt a sudden twinge of mild but sharp suh- 
sternal pain. The pain did not radiate nor was it severe enough to cause him to 
stop work. It lasted about five minutes. Pour hours later lie experienced a similar 
attack while cranking an automobile. This attack was more severe than the first 
but was approximately of the same duration. He drove his car the remainder of the 
evening without difiieulty. The next day he was free of symptoms. He was aware 
of nothing unusual except for slight loss of appetite. The following evening (two 
hours before admission to hospital) he was seized with very severe, stabbing sub- 
sternal pain w’hich did not radiate. He described it as “something squeezing 
his heart.” He became dyspneie and went into a state of collapse. Pain persisted 
for one-half hour. He was given morphia 32 mg. in divided doses. Partial relief 
followed. Pain persisted while he was being moved to hospital; dyspnea likewise 
persisted but was not marked. He was nauseated. 

Past History .- — The patient had been well until the onset of the present illness. 
He did not recall being confined to bed before this. He had usually been active, 
but he had never worked at hard labor. He had exporioneed frequent mild attacks 
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of licaaaclic for u iiuiiiljer of yoov.s. lie luul been conscious of dyspuen on ex- 
ertion (luring the past year. Tliia symptom, however, had not iutm-fered with 
his occupation. He had never experienced precordinl pain nor palpitation, lie 
had never been aware of the presence of edema. Tlierc was no history of gastro- 
hitcstiual disorders. The patient liad gonorrhea at 22 years of age. Tlierc had 
been no reenrrenees. He had a ehanerc at 2:’. years of age, following which he 
ivas given several courses of salvarsan. Xo secondary symptoms of syphilis de- 
veloped. Of two AVassennann ti'sts made of the blood at the end of the anti- 
luetic freatincnl, one had been ni'gative and the other -1 plus. He used tobacco 
in moderation. He did not use alcohol. 

Physical J-ixaminalioa. — The iiatienl was an nnnsnally large and well-developed 
ivhitc.’inan. lie appeared from ten to fifteen years older than his stated age. The 
shin was cold, moist and ashen gray. He was .slightly dyspneic. The temperature 
w.ns 100° F. (rectal), the pulse rate hO per minute and the respirations 20 per min- 
ute. Eyes; There was slight bilateral arcus senilis. The jmpils were c(|ual 
and regular. They reacted jiromptly to light and in accommodation. The oars, 
nose and mouth appeared normal. There were no abnormal pulsations in the neck. 
The lungs were resonant throughout. There were a few lino moist rfiles at both 
lung bases posteriorly. Heart : There was no precordial thrill. The point of 
maximal impulse could neither be seen nor felt. The rhythm of the heart was 
regular; the rate was 00 ])or minute. The cardiac sounds were faint. There were 
no imirmurs heard over the prccordium. A friction rub was not present. The 
peripheral vessels wore slightly thickened. The radial jmlse was regular but 
weak. The systolic blood lu'cssure measured 140 inin. of mercury, the diastolic 
flO mm. The examination of the abdomen was neg.ative. Extremities; There 
were no deformities. There was no edema of the feet. Glandular System: There 
was no generalised enlargement of the lymph nodes. Nervous System: The super- 
ficial and deep reflexes were jwesent and normal. 

Lahoraiory Examinaiions. — On admission to hosjnt.al, the nrinc showed a faint 
trace of albumin; the sediment was normal. The count of the white blood cells 
u-is 29,000, 92 per cent of which were jiolymorphonuclear in form and S per cent 
mononuclear. The count of the red blood cells was 4,800,000. The hemoglobin was 
90 per cciif (Dare). Fluoroscopic examination one hour after admission revealed 
that the lungs were clear and the hilus shadows were normal. The movements of 
the diaphragm were slightly limited on both sides. The heart did not appear cn- 
^rgetl.^ It occupied a transverse ])ositiou. The aortic shadow was slightly widened. 

ic Alasscrmaim reaction of the blood at the end of the febrile period was 
negative. 

Com.K ill Ifospiinl . — Immediately following fluoroscopic examination there was 
ed lecuircjicc of j)ain. The radial puksc became weaker. The administration 
nitroglycerine 0.G4 mg. afforded considerable relief. The 
und'^'"'^' P''ceordium continued throughout the night; it was, however, dull 
The than during the evening. Pain continued for the next three d:iys. 

to 100°"?*^' •*'*^"*^ ranged from 102° to 10S° (rectal) during the first week, fell 
bctwoei second, and then beeiime normal. The pulse rate at first varied 

blood'^"' niinutc and then fell to 100 per minute. The systolic 

a svstolT**T' diastolic to 80 mm., from having been at 
electroca'rV changes occurred from day to day in the 
tu bed Wr ‘^‘^''^‘^'''t’tion of electrocardiograms). The. patient remniued 


a Six weeks, began sifting up and walking during the seventh, and then 
the count’- 

the hospital. 


fv — ,, countiy for eouvalesecnce. He was free of symptoms on diselnirge 


fisd continn!T"f bospital twelve months later for examimition. Ho 

0 work as a chaufTcur. Dyspnea on exertion was still present; it 
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had not, however, increased in severity. He had experienced no cardiac pain. Ex- 
amination of the iieart was essentiallj- the same as on discharge from the Iiospital 
except tliat over tiie pulmonic area there was distant slurring of the second sound 
extending into early diastole. The. systolic blood pressure measured 122 mm. of 
mercury and the diastolic 78 mm. 

The diagnosis" of this patient was. — ^Etiological: syphilis (?); anatomical: 
coronarj’- occlusion; physiological: sinus rhythm. 

Electrocardiograms . — The drst electrocardiogram, taken four hours after the 
onset of the attack shows the E-T segment in Lead I originating directly from 
the peak of the E-wave (Eig. 1). There is a secondary rise in the segment whicli 
in records similar to this one has been designated a T-wave by some authors. Lead 
III in the same electrocardiogram shows a depression of the S-T segment and tlic 
beginning of the positive T-wavc. Slight E-T elevation is seen in Lead II. Ten 
hours later (Nov. 26, 1927, 9 a.M.), the electrocardiogram is somewhat altered. In 
Lead I the E-T segment is of less amplitude; it is preceded by a well-defined 
Q-wave. There is no secojidary rise which suggests a T-wave. Lead III sliows 
an S-T depression with a well-defined positive T-wave. An S-wave is present in 
Lead II. There is little change in the electrocardiograms taken on Nov. 27, 28, 
and on Dee. 1. Ten days after the attack (Dec. o, 1927) there is in Lead I a 
slight negativity at the end of the E-T segment, in that the E-T segment ap- 
proaches the base line, crosses the isoelectric level for a short distance and gives 
an indentation below the line. This minute negative wave is the precursor of the 
negative T-wave. Lead III of this record shows slight notching of the QKS 
complex. The QES interval, liowever, is onlj' 0.06 of a second. On Dec. 20, twenty- 
five days after the first electrocardiogram, the T-wave in Lead I is sharply inverted 
and is preceded by the convex E-T interval. Oppenlieimer and Eothschildi'* and 
Pardeeis are of the opinion that this sign is characteristic of coronary occlusion. 
The only instance of T-wave negativity in Lead II is seen in this record. 

The electrocardiogram, taken two mouths later (Feb. 21, 1928) reveals a neg- 
ative T-wave of less voltage preceded by the “cove plane” in Lead I and a positive 
T-wave of less amplitude in Lead III. Notching of the E-wave is still present. 

Fourteen months after the attack (Jan. 28, 1929) the electrocardiogram shous 
low voltage of all the complexes. The T-wave is slightly negative and traces of 
the former “cove plane” are still present. In Lead III there is notching of the 
E-wave and positive T-wave of low amplitude. 

The P-E interval in all of the electrocardiograms of the series in 0.12 of a 
second in Lead I and 0.16 of a second in Leads II and III. 

DISCUSSION 

Clinical observers agree that pain, shock and dyspnea are ili6 
three characteristic symptoms of coronary occlusion. The pam as 
usually severe but varies in intensity with the size of the artery oc- 
cluded. It is usually precordial in location, but it may radiate to the 
abdomen, in which case it may simulate an acute abdominal condition 
It may be present for only a few hours or it may last for days. Shock 
is usually observed. Its severity varies with the size of the vessel 
which is occluded. Accompanying shock is an ashen gray appearance 
of the skin. A fall in blood pressure usually occurs a few hours aftei 
the onset; it may, however, occur earlier and remain low for severa 

♦This diagnosis conforms to the nomenclature of cardiac diagnosis approved b.' 
the American Heart Association, Am Heart J. 3:202, 1926. 
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clays. Dyspnea is usually present. It may be only transient and of 
slight intensity or may be so severe that the patient gasps for breath. 

During the second twenty-four hours, fever and leucocytosis are al- 
ways present. The fever varies from 100° to 102°, tlie count of the 
white blood cells from 12,000 to 20,000. Leucocytosis may persist from 
one to three weeks. HammaiD in reviewing the literature of tlie sub- 
ject calls attention to other signs and .symptoms which are present less 
constantly; to be mentioned are pericardial friction rub, suppression 
of urine, pulmonary edema, enlargement of the liver, albuminuria, 
and nervous symptoms. 

The patient now being reported upon exhibited at the onset the 
cardinal symptoms of coronaiy occlusion, that is to say, pain, shock, 
and dyspnea. Shock, however, was not pronounced until twenty^-four 
hours after admission. With persistence of pain, accompanied by a 
rise in temperature, leucocytosis and fall of blood pressure, the diag- 
nosis of coronary occlusion appeared certain. 



in figure is reproduced after Parkinson and Bedford. "Scheme illustrat- 

mg the evolution of the plateau type of cui-ve in Leads I and III. (») Monophasic 
RS-T deviation in Leads I and III. ( 0 ) Intermediate phase, T-waves 
80001105 evident, (c) Diphasic curve, T, of opposite sign in Leads I and III.” 

In the series of electrocardiograms of the patient taken on successive 
days can be traced the evolution of the plateau type of curve in Leads 
I and III such as was proposed by Parkinson and Bedford.^" These 
authors devised a scheme which illustrates the successive stages. They 
ueie of the opinion tliat the ventricular complex is developed in three 

stages: the monopliaaic curve, the intermcdiafe phase, and the dwhasic 
curve (Pig. 2).* 

The monophasic curve is seen in the electrocardiogram taken two 
louis after the occurrence of the coronary occlusion (Nov. 25, 1927). 

^ TTI there is reeiiirocal R-T and S-T deviation. The 
seiie.s falls therefore into the T-1 group. The first record indicate.s 
Lea 1 eventually'- be negative in Lead I and positive in 

furtl • ’1 ^^^^f^’ocardiograms taken on November 26, 27, and 28 
^ ^Le monophasic stage, although a well defined Q-wave 

ten h^*^ Rpright T-wave in Lead III developed simultaneously 

^Ris after the first record. Three days later the R-T segment in 

iu^pe ^9 \hank Doctor Parkinson and Doctor Bedford for their kindnes.s in 
mfsion to reproduce this figure. 
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Lead I is convex; this is witiiout doubt the precursor of tiie “cove 
plane” T-wave which is seen in the same lead in subsecpient records. 

The intermediate phase of the series is illustrated in the record taken 
on Dee. 5, 1927. The early negative T-wave is seen in Lead I as a 
negative depression of low amplitude after the R-T segment crosses 
the isoelectric level. The intermediate upright T-wave in Lead III 
developed before the eoi'responding ware in Lead I. 

The diphasic curve illustrating the third stage in Parkinson and 
Bedford’s scheme appeared in the electrocardiogram taken on Dec. 20, 
1927. The sharply pointed negative T- waves of the “cove plane” type 
in Lead I and the similar but upx’ight T-waves in Lead III are recog- 
nized as those often reported as being associated with coronary oc- 
clusion. 

The changes which are seen to have occurred in the electrocardio- 
gram three months after the occlusion (Peb. 21, 1928) are significant. 
If this record Avere examined alone, one Avould not suspect that marked 
alterations had oceuri’ed earlier in the R.-, S-, and T-AvaA’^es. That tlie 
cui’Am is still of the diphasic type is of interest. 

Fourteen months after the first record Avas taken (Jan, 28, 1929) all 
the complexes of the electrocardiogram are of Ioav voltage. The only 
remnant Avhich is left of the damage rendered by occlusion of a 
coronai’y artery is the slightly ‘‘cove plane” negative T-AA'ave in Lead I. 

Varying opinions have appeared in the literature as to the form 
AAdiich alterations of electrocardiograms of jratients AAdio have suffered 
from occlusion of a coronary artery assume. Wearn® expressed the 
view that there Arms no form typical of this condition. Another in- 
Amstigator^^ Avas of the opinion that most of the changes occurred in 
the T-AvaAws. Abnormalities of the entire Amntricular complex are, 
hoAvever, illustrated in the records of cases Avhich have been re- 
ported.”’ Perhaps the confusion regarding the type of record 

associated Avith coronary occlusion is due in part to the Amrying lapses 
of time betAveen the occurrence of the occlusion and the taking of the 
electrocardiogram. If this is correct, it is important that a larger 
number of complete series of electrocardiograms taken from patients 
Avho have suffered from occlusion of a coronary artery he published. 
It maj^ be possible after a sufficiently large number of such series have 
been recorded to reconstruct the alterations in the electrocardiogram 
AAdiich have gone before and from a single record derive evidence that 
occlusion of a coronary artery had occurred at some earlier time. 

SUMJIARY 

A report has been made of the case of a iratient Avho exhibited the 
signs and symirtoms AAdiich aceomirany occlusion of a coronaiy artery. 
Certain changes also occurred in the electrocardiograms. If these 
curves ar-e arranged in serial fashion, the alterations Avhich are oh- 



JIOOKE AND CAMPHBIiL : 


KLBCTKOC'AKDlOGHAAr IX COKONAPY OCCLUSION 


583 


served ilhistrate the evolution of the “coronary T-vvavc” in the man- 
ner that Parkinson and Bedford proposed in their scheme; that is to 
sav the mouophasie, intermediate and diphasic stages mliicli they de- 
scribed can he detected. No other series of records was discovered in 
the literature of this subject which illustrates these stages so exactly. 
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THE OCCURRENCE OP THE CORONARY T-WAVE IN 
RHEUMATIC PERICARDITIS^- 

Daniel Porte, M.D., and Harold E. B. Pardee, ]M.D. 

New York, N. Y. 

OEVERAL observers liave noticed that changes occur in the T-wave 
^ of jiatients who are suspected of having arteriosclerotic narrowing 
of the branches of the coronaiw system. One type of change has been 
observed immediatel}^ after thrombosis of a coronary brancli and lias 
been associated with cardiac infarction, while another type of change 
has been found to appear later after the infarction has had an oppor- 
tunitj’' to lieal.^ This latter T-Avave abnormality has also been found 
in records of patients Aidio liaA^e never had one of the severe attacks 
due to eoronaiy thrombosis, but Aidio have had the angina of effort 
which is associated Avith narroAved coronary branches." This abnor- 
mality of the T-Avave is seen in Pig. 1 and is characterized by a doAvn- 
Avardly directed T-Avave Avith the R-T or S-T interval shoAving an 
upAvard couA'-exity, Avhich lies either at tlie zero level of the record or 
above it. Changes in the T-AA’-aA’-e or in the R-T or S-T interA'al have 
been reported by several observers as occurring in the course of acute 
rheumatic feA’^er^ and have been considered as CA’idence of myocardial 
damage caused by the rheumatic infection. In the course of study of 
a series of rheumatic patients in the Avards of the city hospital, three 
patients haA^e been observed AAdiose electrocardiograms shoAved an 
abnormaliy of the T-AvaA'e Avhich is practically identical AA'ith that de- 
scribed aboA’’e as resulting from coronary narroAving, or folloAviug an 
infarction. These cases Avere all associated Avith a rheumatic pericar- 
ditis, and one of them came to autopsy. 

CASE REPORTS 

Case 1. — man, 4S yeais old, g.Tvc a soiiicwli.it doubtful liistorv of rlieiiinatisiii 
during his youth and liad not had tonsillitis or sore throat to any extent. Before 
admission he had been ill in bed for one week, with what he called a cold. He 
AA’as admitted complaining of marked shortness of breath Avith orthopnea and inarkcil 
AA’eakness. His temperature was 102° F., and his pulse was weak. Ills systolic 
blood pressure Avas 100 mm. and his diastolic 70 nim. The examination of the 
chest shoAA'ed many rhonehi throughout. The heart sounds AA’cre distant and AAC.ik. 
There AA’ere no murmurs or pericardial friction rub. The liA'cr AA'as palpable four 
fingerbreadths beloAv the costal margin. The AA'assermann Avas negative. The 
x-ray e.xamination showed considerable cardiac enlargement. The patient lived 
for three days, his temperature ranging from 100° to 103° E., and then he died. 

The electrocardiogram taken the day before death is seen in Eig. -• There is 
nothing noteworthy about the P-aa’ca'cs or the QES group of this record c.xcept 

♦Prom the Medical Services and Cardio.srraphic Department of the New A'ork CRa 
H o.spitnI. 
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tlie low voltage shown by the latter. The T-wave is turned downward in Lead I, 
and in the K-T interval there is seen, an upward convexity which is much like that 
associated with localized coronary narrowing. 

An autopsy was performed upon this patient, and the report from the loathological 
department by Doctor J. E. Lisa reads as follows: "The irericardium contains 
an excess of hemorrhagic fluid. The heart weighs 500 grams. The myoeardiogram 
is hypertrophied and shows slight interstitial changes. The endocardium is smooth 
and shiny, and presents no abnormal features except for the valves. The mitral 
valve shows small, red, adherent vegetations about the size of a pinhead. The aortic 
valve is smooth and elastic and contains some sclerotic changes. The tricuspid 
valve is normal. The pulmonary valve is markedly sclerosed. The coronary 
vessels are patent and slightly thickened. 

"Microscopic: The heart muscle of the left ventricle shows moderate hyper- 
troph 3 -. The mitral valve is thickened and fibrous. Beneath the epicardium is an 



artfries^^uth suffering from arteriosclerosis of the coronary 

‘■“n of the K-T inter^afL indicated bf the a^rows."'^""'- ^P^vardly convex por- 

fetLe?rt?- "moderate cellular exudate. The left coronary artery is 

t'le coronary h7”^ irregular subintimal proliferation. The fat around 

'Tl'is reac'tim, inflammatory reaction, especially beneath the epicardium. 

Aschoff bodies ^ and lymphocytic in type. There are a few typical 

owasionnl AsehnJ I T thickening, and there are 

thickened nrid their neighborhood. The wall of the left auricle 

reaction in the subintimal proliferation with a mild inflammatory 

pulmonary arter °'+r auricle. In the neighborhood of the 

diffuse, and cont^- P‘^*’^^‘‘”'flial reaction is very marked, becoming practically 
have lymphocytes i ^ ^ gioat deal of hemorrhage. Small focal accumulations 
addition there are A polyiiuclears interspersed by Asclioff cells. In 

'■'^gioiis of infJo sui'off bodies. The muscle lying beneath tliis area shows several 
a ory reaction and foci of early scar tissue formation.” 
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this portion of tlie curve is very similar to that found in tlie records of 
certain patients udio have had tlirombosis of a coronary branch or who 
are suffering from marked coronary narrowing. Records showing this 
change in the T-wave, associated with coronary disease, have been re- 
ported by several investigators,- but in most of the reported records 
the voltage of the T-wave is greater than that shown in these three 
eases of rheumatic pericarditis. Occasionally, however, patients with 
coronary disease give records showing the upward convexity of tlie 
T-wave, and also a low voltage of the T-wave, so that from the eleetro- 



Fig'. 4. — ^Recoi'd of Case 3 during- the acute stage. 


cardiogram alone it would be impo.s.sible to diagnose the condition 
from which tlie patient is suffering. 

We believe that the T-wave abnormality observed in these three 
eases of pericarditis is due to a complicating myocardial inflammatory 
reaction. This indeed was found in the case which came to autopsy. 
We believe that this reaction gives rise to the eliange in the electro- 
cardiogram, just as the myocardial degeneration, which results from 
coronary narrowing, produces a similar change in the records of pa- 
tients with this condition. 
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It is to be noticed tliat in Case 3 the peculiarity of the T-wave had 
disappeared at the time of the second record, giving place to one which 
was almost if not ciuite normal. This return to a normal T-wave took 
place wlien tlie patient had clinically recovered from the rheumatic 
attack and probably indicates that the rheumatic process in the myo- 
carclimn had subsided. 

Changes in the T-wave and in the K-T interval have been reported 
as occurring in the course of acute rheumatic fever by Cohn and 
Swift;" by Kothchild, Sacks and Libinan," and by others. It has not, 
liomever, been noted that an upward convexity of the R-T interval like 
that found after coronary narrowing or occlusion may also occur as a 
result of rheumatic, myocardial affection. In Pig. 8 a, of the article 
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Pig. 5. — Record of Case 3 after recovery. 

by Cohn and Swift (patients ivith rate 102 and 107 respectiveljO? 

there are two tracings which sIioav this feature ; and one of them (rate 

107) shows in addition a considerable voltage of the T-rvave. It does 

|mt appear in this article, howeA’'er, to which cases these tracings be- 

oug, so that we cannot saj' ivliether or not these patients had pericar- 
ditis. 

^The similarity of the T-wave in these two conditions, whose pathol- 
0c3 is so dissimilar, tliroivs an interesting light on the mechanism of 
eiatioiis in the form of the T-wave. The fact that quite dissimilar 
corl^ changes may affect the T-ivave similarlj^ is not at all dis- 
tliat understanding of this wave, for it is likely 

le ocation of the damage is of more importance than the damag- 
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ing agent. It would be interesting if pathological studies should show 
that a certain location of the disease will cause these changes in Lead I, 
and that a different location will affect Lead II. So far we have been 
unable to substantiate this, because of inabilit}^ to make a sufficiently 
detailed study of the heart to demonstrate in wdiat areas of the ven- 
tricular musculature the disease is most intense. It does not seem 
unlikely" that similar T-wave changes may occur as a result of acute 
rheumatic myocarditis Avithout the complication of pericarditis, and 
studies are in progress to elucidate this fact. 

We wisli to express our tlianks to Dr. Orrin S. Wightniau and to Dr. Peter 
Irving for the privilege of reporting these cases wliich occurred on their services 
at the city hospital. 
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THE AUKiCULAR BLOOD SUPPLY ]N THE DOG 

J. General Auricular. Suppla' AVith Special Reference to the 
Sino-Auricular Node^' 

Walter J. Meek, Pit.D., jHargaret Keenan, ALS., and 
Harold J. Theisen, ALS., Madison, AVis. 

A lthough much experimental Avork has now been clone on the 
specialized tissues of the clog’s heart, the blood supply to these 
structures has never been A'ery carefully investigated. Information of 
this kind became necessary to ns in the pursuance of a physiological 
problem involving a reduction in the blood supply to the sino-auricular 
node. The present observations were made in this eonneetion. 

The coronary supply to the A^entrieular portions of the heart has long 
been a subject of detailed study. The auricular portions have, hOAV- 
ever, been generally neglected. The full signiticanee of the ANUseular 
distribution to the auricles Avas realized Avith the discovery of the sino- 
auricular and atrioventricular nodes. Of all those Avho hav'e Avorked 
on the coronary circulation since that time the most out.standing and 
the only ones to Avhom avc need .S])ecifieally refer arc Keith and Flack," 
Koch,^’^ Gross, ^ and Spaltcholz.'^ In the monograph of Spalteholz a 
complete bibliography may be found. 

As far as the sino-auricular node is concerned these Avorkers com- 
pletely agree on only one point, namely, that the node has its OAvn 
special nutrient artery. As to the branches of the coronary AAdiich sup- 
ply this sino-auricular artery, there is much divergence of opinion. In 
this discussion the terminology of Spalteholz Avill be used since it is 
comprehenshm enough to include all the arteries described by the 
other Avorkers. Spalteholz recognizes three main branches to each 
auricle AAdiich arise from the respective coronaries. Each of these 
branches is termed ramus atrialis, dexter or sinister, and specifically 
anterior, intermedins or posterior according to its proximitj’' to the 
origin of the coronary itself. 

Keith and Flack, A\dio first described the sino-auricular node, note in 
man a sino-auricular arterial circle surrounding the superior caA'al 
unnel. The portion of this lying in the sulcus terminalis supplies the 
sinmauricular node. This circle is developed from the ramus atrialis 
lextei anterior and the ramus atrialis dexter intermedius. There is 
^ so an anterior anastomosis Avith a branch of the left coronary, very 
ently the ramus atrialis sinister anterior, 
cav Koch also there is an arterial circle around the superior 

— ^ unnel AAdiich is developed from tAVo branches of the right coro- 

rom the Physiological Laboratory, University of AAO.sconsin Medical School. 
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iiaiy. An ascending branch mesial to the right auricular appendage 
sends a small twig to the appendage caval angle, while the main branch 
passes around the superior vena cava reappearing on the dorsal surface 
of the right auricle and entering the sulcus about where the stem of the 
sinus node ceases. Here it joins a branch of the right coronary which 
has come up the dorsal wall of the lught auricle. The united branches 
penetrate the sinus node as the sinus node artery. It is evident that 
Koch is descx’ibing the course of the ramus atrialis dexter anterior and 
the ramus atrialis dexter intermedins. Whether or not the ring is en- 
tirely closed by an anastomosis betAveen the sinus node artery and the 
small tAvig AAdiich passed through the appendage caA'al angle is not clear. 
In his later description Koch notes that the mesial branch usually 
makes anastomoses Avitli branches from the left coronary. 

Gross finds Avith great constancy an arterial ring around the superior 
caAml funnel, and the vessel from AAdiich it arises he terms the ramus 
ostii cavae superioris. This A'^essel may arise in 60 per cent of the 
cases as a stout branch of the right coronary soon after its origin, in 
AAdiich case Ave recognize it as the ramus atrialis dexter anterior. In 
40 per cent of the eases Gross finds it originating from the left coro- 
nary, very evidently as the ramus atrialis sinister anterior. Although 
Gross mentions that his ramus ostii cavae superioris Avhen arising from 
the left coronary may anastomose after reaching the external surface 
of the right auricle Avith other auricular branches, he states that* there are 
neA’’er tAvo rami ostii cavae superiores, Avhich seems to indicate that he 
does not belieA’'e the sino-auricular node itself is ever directly supplied by 
anastomoses from both coronaries. 

In a series of tAventy human hearts figured in his monograph Spaltc- 
holz finds a sino-arterial ring in only six cases. In only one of these 
does the ring receive a branch from the other coronary, such as de- 
scribed by Keith and Flack. In four cases the ring is formed by 
branches of the left coronary and in tAvo cases by branches of the right. 
Five times the sino-auricular node is supplied by the ramus atrialis 
sinister anterior, three times by the ramus atrialis sinister intermedius, 
nine times by the ramus atrialis dexter anterior and tAAUce by the ramus 
atrialis dexter intermedius. 


METHODS 

Although the course of arteries in a limited region may be best stud- 
ied by serial sections, these are not suitable for folloAAung the origin 
and distribution of entire coronary branches. For this purpose theic 
is apparently no substitute for some kind of an injection method. We 
have folloAved the technic of Gross rather closely, using the barnmi 
sulphate injection mass. After rigor had passed off, the hearts Avere 
thoroughly AALashed through the coronaries Avith normal saline. Both 
Avashing and injection AA’ere done under 150 mm. to 160 mm. Hg. pnes- 
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sure and in a chamber kept at approximately 37° C. Keeping the heart 
warm during the period of injection was a matter of greatest impor- 
tance. After the injection was complete, the heart was chilled in cold 
water and then placed in formalin. Dehydration was hr ought about 
by alcohols of increasing strength, the specimens being left in absolute 
alcohol for several days. Clearing took place in synthetic oil of win- 
tei'oreen. In the dog the left coronary divides into its two main 
branches so soon after leaving the aorta that often a cannula was 
inserted into each branch. By means of Y-tubes all three injection 
cannulas were then connected to the single pressure bottle. 

Our first intention was to study the specimens by means of x-ray pic- 
tures. It was soon evident that this was a difficult procedure iii the 
thin Availed auricles. From the x-ray pictures it was impossible to tell 
whether Iavo vessels branched or merely crossed each other. The in- 
jected vessels stood out Avith such contrast to the eye that Ave finally 
distended the auricles Avith strips of dark colored cloth, inserted 
through the vena cava and tips of the appendages, and made our 
observations Avith the binocular microscope. A magnification of from 
10 to 20 times brought into vicAV all v'essels with their branches and 
anastomoses doAvn to the smaller arterioles. After becoming familiar 
Avith the technic of injection our preservations Avere unifomnly clear 
and beautiful. 

"Whitten® has recently critically revdeAved the injection methods for 
study of the coronaries. "WhatcAmr objections there may be to these 
methods as applied to the heavy Availed ventricles they are eminenth’’ 
satisfactory for the thinner auricles. 


THE AURICULAR BLOOD SUPPLY 


Tlie distribution of the coronary branches to the auricles may be seen 
in Pigs. 1 and 2. These figures someAvhat dia grammatically represent 
the auricular blood supply as found in 39, or 73 per cent,- of 53 dog 
hearts. The terminology and scheme of numbering used by Spalteholz 
has been retained but extended Avdiere necessary. A brief description 
of the main branches of each coronary folloAvs. 

Samus atrialis dexter anterior . — This branch (3 in Fig. 1) arises from 
tie ligiit coronary soon after the latter’s origin from the aorta. In 49 
0 oiu 53 eases it has Avhat Spalteholz terms a Aveak development j that 
K it passes upAvard OA'^er the aortic surface of the right auricle and 
^mn distributes itself principally to this region and to the aortic sur- 
oth^ appendage. It neAmr anastomoses Avith any of the 

■ Th'^^'- which adjoin and someAvhat penetrate its territories. 

often passes over the margin of the appendage and supplies 
some of Its dorsal and lateral surfaces. 

to specimens another strong branch arises either close 

0 aozta (3a in Pig. 1) or directly from the right anterior as indi- 
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Gated tbe dotted lines in Fig. 1. We have called it the right ante- 
rior accessory. It curves around the aorta, supplying the inunediately 
adjacent areas, and then passes transversely across the anterior sur- 
face of the right auricle. Some of its branches seem to enter deeply 
into the interaurieular muscular band and so pass on into the septum, 
although this has not yet been carefully worked out. 

In four of the hearts this ramus atrialis dexter anterior accessorius 
has been very strongly developed. This development is always asso- 
ciated with a very small ramus atrialis sinister anterior. The result is 
that the accessory branch supplies the entire field ordinarily taken 
care of by the left anterior. It anastomoses with the right interniedius 
on both sides of the superior vena cava, sends branches to the areas 
surrounding the pulmonary veins where it joins branches from the 
ramus atrialis sinister posterior, and finally it anastomoses with 


V.c.s. 



Pig. 1. — Anteroventral view of tlie auricular regions. Tlie following abbreviation.^ 
and numbers apply to all figures. ALc.s., superior vena cava ; ^^c.i., inferior vena 
cava; Aur. sin., left auricular appendage; Aur. dex., I’iglit - auricular appendage; 
A.c.d., right coronary; R.C., ramus circumflex of the left coronary: Vv.p.s., left pul- 
monary veins ; Vv.p.d., I'ight pulmonary veins ; A. a. aorta ; A.p., pulmonary artery : 
1. Ramus atrialis sinister anterior ; 2. ramus atrialis sinister intermedins ; 2a. ramus 
atrialis sinister intermedins accessorius ; 3. ramus atrialis dexter anterior ; 3a. ramus 
atrialis dexter anterior accessorius ; 4. ramus atrialis dexter intermedins ; 5. ramus 
atrialis dexter posterior ; G. i-amus cristae terminalis ; 7. ramus atrialis sinister pos- 
terior ; 8. rami pulmonales sinistri anterioris. 


branches from the ramus atrialis sinister intermedins on the anterior 
aspect of the left auricle. This distribution is so uncommon that it 
may be termed an anomaly. It is illustrated in Fig. 3. 

Bamus airialis dexter iittermedhis . — From the right coronary at about 
the middle of the right auriculoventricular boundary there arises a 
branch, usually stout, the ramus atrialis dexter intermedins. In 81 
per cent of our eases its course is as follows : it first i^asses transversel.^ 
across the body of the right auricle then bends .sharply forward aiul 
finally runs fairly directly to tlie angle between tlie superior vena cava 
and the right appendage. On its way it sends off branches which 
anastomose with left coronary branches around the right pulmonary 




MEKK, KEENAN, THEISEN : AUKICUEAB BLOOD SUPPLY OP DOG 595 

veins. Occasionally its brandies extend beneatli tlie inferior vena 
cava and join arteries from the left coronary in tliis region. It also 
sends brandies to tlie left around the superior vena cava wliicli join 
brancbes of tlie left anterior. The main stem transverses the sulcus 
terminalis and reaches the ventral surface of the auricle by way of 
the notch between the vena cava and appendage. It does not extend 
far on the ventral surface but interdigitates with branches of the 
ridit and left anterior. In addition it always anastomoses with the 
left anterior. Sometimes this occurs so directly that it is impossible 
to say which artery passes from one side to the other. Usually the 
anastomoses occurs above the sulcus terminalis on the right side of the 
superior vena cava. Since branches of the right intermediate anas- 
tomose with the left anterior on botli sides of the vena cava it is 


V.C.£. 



view of the auricular portions of the lieart. The drawing' is par- 
view- I’iglit and left side.s Imve been brought into the same 

I mewhat in the manner of a Mercator projection. 


obvious that an arterial ring is thus formed around the superior caval 
nmnel. 

In forty-three of our fifty-three cases the right intermediate has the 
0 01 e distribution. In all of these it may be said to supply, the sinus 
iioce since it transverses the sulcus terminalis. Figs. 1 and 2 illus- 
late the above description. 

de^'^1 specimens we have found the right intermediate weakly 
place being taken by the left anterior. This condition 
be described under that heading. 

development of the right intermediate was found in two 
bvanct origin the artery divided into two large 

auo-ie w passing along the sulcus terminalis and through the 
im^ superior vena cava and appendage, the other pass- 

branches Ire vena cava and the right pulmonary veins. Both 
kniosedArtT^ I'eachecl the anteroventral surface where they anas- 
1 each other and supplied part of the region usually taken 
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care of the left anterior. Anastomoses with tlie left anterior were 
also present. 

Rmmis atriaUs dexter posterior. — In the dog this artery is poorly 
developed and distinguished with difficulty. It reaches the areas on 
the right side of the inferior vena cava, and under this vein it some- 
times anastomoses with branches from the left coronaiy. 

Ramus atrialis sinister anterior. — This branch arises from the ramus 
circumflexus soon after its origin from the left coronary. It has had a 
strong development in all except four of our hearts where as already 
related it was largely replaced by the accessory branch of the right 
anterior. After its origin the left anterior passes to the left and for- 
ward sending large branches to each side of the superior vena cava. 
It anastomoses freely witli the right intermediate usually on the right 
.side just above the vena cava appendage angle and on the left side in 


V.C.S. 



Eig. 3. — Anteroventral view of the auricular regions sliowing the strong ilevelopniunt 
of the accessory branch of the right atj-ialis cle.xter anterior. 

the notch between the vena cava and the right pulmonaries. Three or 
four branches to the left join the plexuses around the pulmonary veins 
which are made up of branches from tlie left intermediate and left 
posterior. There is never any anastomosis with the ramus atrialis 
dexter anterior. The usual distribution of this artery may be seen 
in Fig. 1. 

In eight of our specimens the left anterior has been unusually 
strongly developed. The branches that passed to the sides of the 
superior vena cava extended through to the dorsal surface and sup- 
plied the field ordinarily taken care of bj^ the right intermediate in- 
cluding the sinus node itself. There were no anastomoses rvith the 
right intermediate on the body of the right auricle, but union did 
occur in the region of the pulmonary veins. Fig. 4 illustrates the 
dorsal view of one of these cases. 

Ramus atrialis sinister intermedins. — From the lower edge of the 
left auricle just beyond the appendage two branches arise from the. 
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ramus circumflex of the left coronary, which supply the left appendage 
and those areas of the left auricle adjacent to the left pulmonary 
veins. The second of these arteries is usually the larger, and it may 
be properly called the left intermediate, the first one being con- 
veniently tm-med the accessory. These arteries may be noted as 2a and 
Ob on any of the figures. Both the accessory and the intermediate itself 
anastomose with branches of the left anterior at the base of the left 
appendage. In the four cases already described in which the left 
anterior was replaced by the accessory branch of the right anterior 
there was an anastomosis between this artery and the left inter- 
mediates. 

V .C.B. 


Vv.p.B 


Vv.p.d 


view of the auricular portions of the lieart showing- the mai-kecl 
nvpr J-amus atrialis sinister anterior which has sent two large branches 

ciorsal surfaces. The right intermediate is only moderately developed 
ipiymg only part of the right appendage and the lower part of the right auricle. 

The left intermediate contributes numerous brauclies to the plexus 
of arteries which surround the pulmonary veins. One large branch 
regularly swings to the right around the base of the left auricle and 
joins the left posterior. The left intermediate is very regular in its 
distiibution, no variations worth recording being noted in any of our 
specimens. 

liamns atriahs sinister posterior . — In the angle between the left 
auricle and the inferior vena cava is regularly found a branch of the 
coronary which joins the plexus arouud the pulmonary veins. It 
surf with the right intermediate both on the posterior 

auricles meet and underneath the inferior vena 
le course of this artery may be seen in Fig. 2. 

— This name Spalteholz gives to the artery 
Imiim} crista terminalis of the right auricle. In the 

limes Spalteholz ’s draiviugs it was formed nine 

limes anterior, five times from the left anterior, three 

lom tie left intermediate and only twice from the right inter- 
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mediate. In tlie dog’s heart Ave liaA-^e found this artery arising forty- 
five times from the right intermediate and eight times from the left 
anterior. Not onee has the right anterior iiassed through the caval 
appendage angle, as in the human heart, to form this ramus. This 
artery is numbered 6 in our di-a^Aungs. The importance of this artery 
is due to the fact that it lies in the boundary betAveen the sinus and 
atrium. This region has great physiological significance, for its upper 
end contains the sinus node. The artery that forms the ramus cristae 
terminalis, therefore, also suiiifiies the sinus node. 

Arterial ring around the superior vena caval funnel. — Keith and 
Flack emphasized the presence of an arterial ring around the opening 
of the superior A’^ena caA'^a into the right auricle. According to their 
draAAungs this ring Avas formed by the right anterior and the right in- 
termediate. Spalteholz found such an arterial circle in onlj'- about 
one-third of his specimens. Three times the ring Avas formed bj^ the 
right atrialis sinister anterior, once bj"- the right atrialis sinister iiiter- 
medius, onee bj’- the right atrialis dexter anterior and once by the 
right atrialis dexter anterior in anastomosis Avith the right atrialis 
sinister anterior. We have not found a lung as Avell marked as indi- 
cated in Keith and Flack’s draAAungs, but in all our specimens there is 
a series of anastomoses around the caval funnel. In thirty-nine cases 
the ring is formed by anastomoses betAveen the right intermediate and 
the left anterior as may be seen in Figs. 1 and 2. In eight cases the 
ring is formed by the left anterior alone as illustrated for the dorsal 
side in Fig. 4. In four eases the ring is formed by the right anterior 
accessory and the right intermediate. In tAvo cases the ring is formed 
by the right intermediate alone. In the dog, therefore, an arterial 
ring around the caAml funnel is constant, and in the majority of cases 
it is formed by branches from the tAvo coronaries. EA'^en Avhen formed 
by one artery, someAAdiere beyond the ring there are inAmriably anas- 
tomoses Avith other arteries. In Fig. 4 the left branch of the left 
anterior finally joins the plexus around the pulmonary A^eins as Avell 
as the right intermediate near the inferior vena cava. 

Blood supply to the sinus node. — The sinus node is supplied by the 
right side of the above described arterial ring. The large artery 
forming this portion of the ring continues as the ramus cristae ter- 
minalis. Since the arterial ring is formed either by tAA’^o separate 
arteries, or by one artery Avhich later anastomoses AAdth its neighbors, 
the sinus node is furnished AAuth an abundant and sure blood supply- 
Preliminary experiments made before the blood supply to the node 
Avas knoAvn in detail shoAved that it Avas extremely difficult to reduce 
its circulation sufficiently to cause injury. LikcAAdse auricular thrombi 
are seldom if CA’^er found in the region of the sulcus terminalis. The 
explanation for both facts is readily found in the anastomosing blood 
supply. 
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SUAIMAKY ANM> DISOEtSSlOiN 

By means of baviniu sulphnU*. tjclatiu in.icctious the auvieulur blood 
ipply has been studied iu lifty-three dogs’ lieaids. In forty -live of 
tliese'the sinus node Avas supi^iied by the ramus atrialis dexter inter- 
medins, tlie second auricular branch of llie right coronary. In eight 
hearts it Avas sui)plied by the ramus atrialis sinister anterior, the first 
branch of the ramus circumficxus of the left coronary. 

Althougli the sinus node artery came directly from the branch just 
named, there Avas iu all eases studied an arterial ring formed around 
the superior caval funnel. In thirty-nine eases this ring Avas formed 
by anastomoses betAvcen the right intermediate and the left anterior, 
in four cases by anastomoses betAveen the right intermediate and the 
right anterior, in Iayo eases by the right intermediate alone, and in 
eight cases by the right anterior alone. In the ten hearts iir Avhieh a 
.single artery formed the arterial ring there Avere anastomoses beyond 
the ring Avitli branelies fi-om tln^ oji])osite eoronary. The sino-aiiricular 
node could tlius ahvays be siipjAlied either directly or indirectly from 
botli coronaries. 

The dog’s heart lias certain regions in Avhieh anastomoses do not 
seem to occur but others iu AA-hich they are jiarlieularly abundant. Of 
the latter, the superior veua caval funnel has been sufficiently dis- 
cussed. Fig. 2 shoAvs the rich couuectious betAveeu all the coronary 
branches that supply the body of the left auricle. Tlie inferior vena 
caval funnel is very poorly su])])lied as compared to the .supei'ior. 
There i,s, hoAvever, often an arterial ring made by braucbes from the 
left posterior and the right intermediate. The area ju.st ventral to the 
inferior veua cava in the neighborhood of the coronary sinus is rather 
u’ell supplied. Anastomoses liere occur belAA'eon tlie left posterior and 
right intermediate as Avell as direct conueelioiis betAvoen the ramus 
eireumflex and right eoronary. ]\[ost of these regions have .special 
phjdogenetic significance. They arc iu part boundaries betAvecn parts 
of the heart A\diicli have different origins, and iu nearly all of them 
specialized automatic and eouductivc tissue has been found, either in 
small scattered masses or in large concentrated nodes. 
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THE BUPFEE FUNCTION OP THE DIAPHRAGM AND THE 
CARDIO-ABDOMINO-DIAPHRAGMATIC SYNDROIMB* 

N. P. Rasumov, M.D., AND A. B. Nicolskaja, M.D. 

Moscow, Russia 

INTRODUCTION 

I N ADDITION to its respiratory function tlie diaphragm serves as a 
buffer between the thoracic and abdominal cavities where the pres- 
sure is subject to considerable physiological variations. According to 
A. Beimou,^ the intra-abdominal pressure varies, not only with the 
respiratoiy movements but also with changes in the position of the 
body. Thus it may vary between 10 and 35 cm. of water during ex- 
piration and from 15 to 45 cm. during inspii’ation, or from 10 to 2 cm. 
with relaxation of the abdomen. 

We shall not consider the extreme variations in intra-abdominal pres- 
sure caused by such conditions as pregnancy, tumors, ascites, tympan- 
ites, etc., because in such cases the protective function of the dia- 
phragm is of secondary importance. In the ordinary physiological 
variations in intra-abdominal pressure (variations caused by changes 
in position, filling the stomach, emptying tlie intestine, etc.) the dia- 
phragm adequately serves its function of j^i’otecting the thoracic or- 
gans, especialty the organs of the circulatory system, against the 
harmful effects of variations in intra-abdominal pressure. While the 
intrathoracic pressure is subject to even more marked physiological 
variations, caused by respiration and to a lesser extent by the action 
of the heart, the role of the diaphragm in respiration is direct and 
active. The influence of the respiratory movements of the diaphragm 
on the abdominal cavity is modified by the combined diaphragmatico- 
abdominal reflex of Sherrington, that is, by the antagonistic action of 
the diaphragm and the muscles of the abdominal wall. It is perhaps 
more accurate to speak, not only of the moderating influence of the 
diaphragm on the physiological Amriations of pressure in the .abdominal 
and thoracic cavities, but of a system in Avhich the reciprocal action 
of the diaphragm and the abdominal muscles is of primary importance. 
We shall not discuss the question of the part played by the muscles 
of the thoracic cage, for that is outside the plan of the present study. 

The proteetiA’^e action of the diaphragm is the result of Amriations in 
the tone of the muscle, and according to Kure, Iliamatsu and Na'ito, 
this tone depends on the sympathetic nerAmus system, impulses being 
carried by the splanchnic nerve. That is in accord Avith the teachings 
of the school of Prof. L. A. OrbelP that the tone of striated muscle.s 

‘From the Fourth Hospital of Moscoav. 

tiOO 
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depends on the synipathotic system. (See the reports presented at 
the Congress of Physiologists at, Leningrad in 11)2().) Similar views 
are expiTSScd by Baeke,-' de Boer* and others.* Felix, after extirpa- 
tion of the sympathetie ganglia related to the diaphragm, observed 
chaires in the latter similar to those, met in progressive mnscidar 
dystrophy; in the case of complete Re]>aration of the diaphragm from 
tlie sympathetic system he even observed complete degeneration of the 
muscle fibers. These findings are in perfect accord with the teachings 
of Prof. J. P. PavloA’* on the trophic function of the sympathctie.nerv- 
ous s.v.stem. But after all it is hard to believe that the tone of the 
diaphragm, which functions rhythmically, .should depend only on the 
sympathetic nervous system. According to IL-ank’" the pai-a.sympa- 
tlietic system, represented hy fibers corresponding to the phrenic nerve, 
is concerned Avith relaxation of tlie diaphragm. 

In many ways the function of the striated muscle of the diajihragm 
seems distinct from that of other striated muscles and in some respects 
resembles the heart muscle. According to Starling‘s the contraction of 
the diaphragm lasts from four to eight times longer than does that of 
any other .striated muscle. It seems that, this muscle jicriodically goes 
into a .state of tetany for a short time. If avc recall that ivith re.spira- 
tion the diaphragm maintains a more or less pronounced rhythmic 
aotioinvhich continues uniutcrruptedly throughout life, varying only in 
degree, yve have reason for separating the muscle of the diaphragm, as 
well as that of the heart, from other striated muscles. "We may a.s- 
sume that the tone of this muscle is the result of interplay of the 
.sympathetic and parasympathetic .systems. In this connection exjieri- 
nients made by W. "M. Bayliss'* on the efl'ect of cutting the vagus on the 
tone of the diaphragm are of great intere.st. It is imjiorlant to realize, 
however, that the question of the nervous regulation of the tone of the 
diaphragm is not finally settled (KalnP"). 

Pi'ohlich and jMcyer’^ speak of a ])artieulai- tonus .system which 
uiaintain.s the tone of the diaphragm directly without being iutcr- 
Hipted hy ganglia. However that may be, there arc reasons for belicv- 
i"g that the tone of the diaiiliragmatic muscle is mainlained hy the 
autoiioniie nervous system and that it must be alfected by reflexes 
loni different organs, as the effector link in a whole series of reflex 
aic.s vhere y^arious organs may seiwc as receptors. In our obsevvatious 
on t ie touotropic reflexes of the heart yve have encountered reflexes 

Ml ai to those of the diaphragm. We have been able to study the 
0 oving reflexes of the diaphragm; 

2 ^oflex of filling the stomach (reflex of intragasiric pressure). 

3 ^oflex of pressure on the eyeballs (oculocardiac reflex). 

le leflex of change from orthostatic to elinostatie po.sition (clino- 
static reflex) . 

The x-ray reflex. 
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METHOD OP STUDY 

We did not introduce the roentgenoscopic method in the routine of 
studjdng the reflexes, nor did Ave admit it in our study of the tono- 
tropie cardiac reflexes. The reasons for not using this method are 
illustrated Fig. 3 AAdiich represents the outlines of the heart and 
the eardiophrenic angles as determined by percussion, AAuth the pa- 
tient in the orthostatic position; (1) control, (2) after pre.ssure on tlie 
eyeballs and (3) under the influence of the x-raj^s. From this AA^e see 
that the effect of the x-ray is similar to that of pressure on the eye- 
balls, and that the shadoAA’’ on the screen corresponds AA'ith the contour 
as determined percussion. The reflex change is seen as a loAA’^ering 
of the diaphragm (determined bj' the eardiophrenic angles) ; that is, 
AAuth these tAAm reflexes there is an increase in the tone of the dia- 
phragm. As the use of the fluoroseope alAAmys has this reflex effect on 



Fig-. 1. — Hypotonic ciystony of the heart in a man 25 years old with heart failure 
and dystrophic infantilism. (----) The outline of relative and absolute cardial 

dullness with the patient at rest in the orthostatic (standing) position. ( ) The 

same with the reflexes (change to clinostatic position, pressure on the eyeballs, 
fluoroscopy). 

the diaphragm, one cannot get a fluoroscopic picture of the height of 
the diaphragm in the control .state, and AAdien the reflexes are already 
excited by the x-rays, it is only in cases of hyperexcitahility of the 
AregetatiA^e nerAmus system that further reflexes can be elicited. For 
this reason one must rely on findings made out by percussion. 

The determination of the left and right cardiopihrenie angles is car- 
ried out during shalloAA’’ breathing AAdien, according to Hofbauer,*^ the 
central portion of the diaphragm, the heart and even the hilus of the 
lungs are not involved in the respiratory excursions. Determination 
of the position of the dome of the diaphragm by percussion is un- 
reliable, and for our purposes percussion of both eardiophrenic angles 
is sufficient. The pereussion is carried out finger-to-finger Avith quick 
strong taps as in defining the outline of relative cardiac dulness. We 
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checked tlie accuracy of tliis by comparing the contours rlcteriniiied 
by pereussiou under the induence of the x-ray reflex with tlie shadow 
oil the screen, taking care to have the patient in the same position 

eacli time. 

THE niAPIIRAGMATlO REFLEXES 

hi tlie case of healthy young jiersons with .stable vegetative nervous 
systems, the tonotropic reflexes of Iho lieart and diaphragm are cither 
absent or insignificant, indicated by an excursion of not more than 0.5 
cm. When present the reflex is always exin-essed as a lowei-ing of the 
cardiophrenic angles, that is as an increase in the tone of the dia]ihragni. 

We believe that this moderate liyperlonic reflex, which occurs when 
the intragastric pressure is raised, is the normal jn-otective reflex, an 
evidence of the innnediate jn’otective function of the diaphragm. Pres- 



siue on the eyeballs gives a ridlex exactly similar to that caused by 
'iig the stomach, even in eases wheia^ the rhythmic reflex of Dagnini- 
Aschiier is absent. 

This hypertonic Ionotropic reflex of the diaphragm is often asso- 
hypotonic tonotropic cardiac reflex (dilatation of the 
^ that is to say, pressure on the eyeballs often increases the 
heart (negative tonotropic reflex) and at the same time 
tliat^^'^'^ diaphragm (positive reflex). 7'his association is so frequent 
heart' there is an antagonistic correlation between 
Muscle^^*^ diaphragm as well as betAveen diaphragm and abdominal 

aoiuieecl^^^ hypertonic reflex of the diajdiragm is still more itro- 
system' ''' with hyperexeitability of t.he parasympathetic 

> especially in young persons with traits of dystrophic infantil- 
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ism. In such cases the changes alreadj’- described as oecuiTing in nor- 
mal individuals are present hut to a greater degree ; the amplitude of 
the displacement of the cardiophrenic angles increases to 1 on. or 
more, but the reflex still keeps its defensive character (Fig. 1). Tlie 
most exaggerated type of reflex is seen in cases of spasmophilia and 
particularly in bronchial asthma. 

The conditions change Avhen the general picture becomes complicated 
by insufficiency of the diaphragmatic muscle folloAved hy a high posi- 
tion of the diaphragm. As the dilated heart muscle can still respond 
to tonotropie reflexes of contraction or relaxation according to tlie 
state of the Amgetative nervous system, so can the diaphragm avIucIi 
has lost its tone still maintain the proteetiAm type of tonotropie refle.x. 
If there is a change in the relation betAveen the heart and the dia- 
phragm, particularly in cases of dilatation of the heart and iiermanent 



Eis', 3. — H3-pe7-tonic cly.stony of the he.irt in a man between 30 and 10 years old v'lio 
liad palpitation on exertion, (----) at I’est, ( ) witli tlie reflexes. 


Aveakness of the tone of the diaphragmatic muscle, this defensiA’c type 
of reflex may turn against those organs, principally the heart, Avhicli 
it has thus far protected. When there is functional insufficiency of tla’ 
diaiAhragm in the presence of considerable cardiac enlargement, flic 
heart pushes dOAvn the central portion of the diaphragm forming a 
deep depression, from the sides of Avhich the tAvo halves of the dia- 
phragm rise quite abruptly. The hypertonic reflex of the diaphragm! 
increasing the tension of the latter, tends to decrease the inequalities 
of surface, loAvering the domes and raising the central portion on Avliidi 
the heart rests. In other AA'ords, the hypertonic reflex is no loiigei 
purely defensive hut has acquired an aettye aggressive character. Un'’ 
explains the complaints of patients Avho, liaA’ing conserved the liypci- 
tonic diaifliragmatic reflexes, suffer from aggravation of their s.Ainp 
toms — heaviness, breathlessness, jjalpitation — after eating, etc. 
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With loss o£ tone, however (diaphragnui molle or relaxata), the tlia- 
Z on on opposite type ol reflex, nn,y respondto s „nu . 
lx reiexatimn The degree of loss of to..e nn>y vary aeeorclmg to the 
creueral state of the patient, especially aecording- to the dcgiee of 
fatinie Altschnl observed cases of relaxation of the diaphragm in 
which this was shown by the level of the domes being higher at night 



jpig. ^—DlafiTain illustratinpr relaxed (llaplirafrni ami enlarged licai't. 



than in the morning. We do not know whether he considered tlie pos- 
sibilities of various reflexes, such as filling the stomach. 

As long as the diaphragm maintains its ability to counteract ab- 
dominal pressure, that of the stomach particularlj^, even considerable 
distention of the stomach does not affect the level of the diaphragm. 
Altsehul,'^^- after x-ray studies, eaine to the conclusion that there 
was no definite relation between the height of the diaphragm and the 
degree of distention of the stomach. In another paper the same author 
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mentions a case in wliicli filling the stomach or distending it -with gas 
caused no displacement of the left hemidiaphragm. 

When the muscle is hypotonic, one might expect that the decrease 
in intra-abdominal pressure resulting from the high position of the 
diaphragm and the relaxation of the abdominal Avail would jiredispose 
to the accumulation of gas, AAmuld lAcrmit an increased amount of gas 
to collect in the stomach and intestine. In other Avords a collection 
of gas is not necessarily primary but may be secondary. 

With decreased tone of the diaphragm, change in the autonomic 
balance in the direction of decreased excitability of the parasympa- 
thetic system, and the dcA'clopment of a Avhole series of sympathetieo- 
tonie symptoms,* the protective function of the diaphragm is greatly 
disturbed. 



Pig'. 6. — The effect of the injection of embiTonal extract on t!ic outline of the heart. 
(----) control, ( — ) after injection. 


PerArersion of the function of tlie diaphragm alone ordinarily gives 
rise to no symptoms as long as the functions of the organs it protects 
are normal, as long as the heart is strong enough to overcome im- 
faA'^orable conditions of Avork. According to Healy,^® of 53 cases of 
relaxed diaphragm 47 Avere discovered accidentally by x-ray. But re- 
laxation of the diaphragm folloAved by functional insuffieienc.v of the 
organs Avhich it normally protects, of the heart for example, is evident 
at once. 


♦AA^e do not apply the term, "hypersympathetlcotony" to the development ^ 

patheticotonic .'symptoms accompanying the ageing process, because we are not . 
that the sympathetic sj-stcin is not involved in this process, and tliat it not , 
to qualitative as well as to quantitative changes in its functions. AAUthout dlsreg. 
ing the multiplicity of the functions of the sympatlietic nervous system, we m'U , 
mark that one function, trophic, is definitely disturbed as the organism grows oi 
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PUNCTtON OF TTIE DlAiniUAGM GOT 


INSUli’FJClKNCY OF THE DIAFIIUAGM 


Insufficiency oi’ llie diuphvafrni with rei'ci-cncc to its protective func- 
tion can easily be determined by comparing its lieigbt with tbc patient 
standing and sitting. "Wben the function is good, tlie level does not 
change perceptibly; but Avben it is insufficient, one gets anotbcr picture 
as is illustrated by the following case from the Out-Patient Departjuent 
of the Polvclinic Tzekoubou. 


A woman, 54 years old, was examined Oefolmr 5, 1027. She presenfed evidence 
of dystrophia adiposogcnitalis, liad a relaxed flaccid abdomen, and complained of 
dyspnea and painful sense of distention of the upper part of the abdomen. Slic 
had not menstruated since an oophorectomy in inOS. Tlie diaphragm was more 
than 2 cm. higher when the patient was sitting th.an when she was standing. From 
this it resulted that, in .spite of the relaxation of the abdominal wall and the 
ahsence of increased abdominal pressure, the diaphragm and flie abdominal press 



hif,'. 7 . — The effect of Uie Injection of 1 c.c. of aUrcnalln, 1:1000 ; ( ) control, 

( - ) immediately after the injection, ( ) 21 liour.s later. 


Ii.avhig lost their protective fnnetion did not give jthysiological correlation between 
nitra-abdomiiial .and intrathoracic pressure and c.ansed tlie dcveloimient of a cardio- 
diaphragmatic syndrome. (For similar case see Fig. 5.) 

Adipose dystrophy is not necessary for the development of the eardiodiaphragmatic 
syndrome. Patient K, for exainjile (seen in ofliec consultation) was a mechanic, 
31 jears old. lie was thin. He had mitral .stenosis wliich had followed an attack 
of acute rheuinatie fever when lie was 34 years old. Blood pressure was 134/84 
rani., oseillometric index 12 m/n. He complained of dyspnea and palpitation after 
meals and particularly after heavy meals. Comparison of the level of the diaphragm 

^ith the patient sitting and standing sliowcd that it was much liighor in the for 
position. 


nier 


Especially wben patients with cardiac disease complain of malaise 
h tet meals, change of position, etc., we find more or less marked evi- 
dence of functional insufficiency of the diaphragm. The syndrome is 
le more serious when there is excitability of the visceral nervous 
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system. Nevertheless, the eai’diodiaphragmatic syndrome, that is the 
development of a series of symptoms (palpitation, dyspnea, pain) due 
to elevation of the diaphragm resulting from its functional insuffieieiiev 
(after eating or drinking, when sitting or lying doAvn), is most fre- 
quently seen in persons with adipose dj'strophy. It is most often seen 
in young persons with hypopituitary dystrophy and underdevelopment 
of the genitals (dystrophia adiposo-hypogenitalis), at the menopause or 
after oophorectomy, or in either sex with disturbance of the gonads. 
It is often associated with early sclerotic changes in various organs and 
a more or less marked functional insufficiency of the heart. Decreasing 
tone of the diaphi-agm, dilatation of the heart, deposit of abdominal 
fat, weakness of the abdoininal muscles, and atony of the digestive 
tract are the factors which favor the appearance of the eai’diodia- 
phragmatie sjnidrome. It is possible that distention and stretching of 



Pigr. 8. — The effect of the injection of 1 c.c. of sodium nitrite, 10 per cent ; ( — ) con- 
trol, ( ) after the injection. 

the walls of the intestine may set up nervous stimuli atfecting tlie 
heart and the diaphragm. 

The experiments of Pearcy^’ are interesting in this connection. He 
showed that reflexes from the abdominal viscera (distended intestine, 
gall bladder or urinary bladder) had no effect on the hearts of healtli.v 
animals, but that a i-eflex was always demonstrable in eases in whicli 
a toxic myocarditis had been pi'oduced experimentally. Thus there is 
experimental evidence that the healthy heart is not markedly affected 
by stimuli from the abdominal organs, but that a diseased heart be- 
comes the target for such stimuli. 

One must assume that the heaiff, the diaphragm and every other 
organ may be influenced by pathological tonotropic reflexes from 
other organs imder the following conditions, disturbance of the effector 
organ, hyperexcitabilitj^ or unbalance of the visceral nervous system, 
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or functional disturbance of the receptor orgaii. In vagotonic cases 
these tonotropic reflexes are expressed as dilatation of the heart and 
increased tone of the diaphragm, but in such cases the role of the 
diaphragm is of minor importance. In sympatheticotonic eases the 
tone of the heart is increased vdiile that of thcHliaphragm is decreased, 
"iving rise to the discomfort of the so-called sympatheticotonic cardio- 
diaphraginatic syndrome, in vdiieh the cardiac symptoms are promi- 
nent and the role of the diaphragm is essential. 

From this description of the syndrome we omit to mention the 
respiratory disturbances, for these probably bear no immediate rela- 
tion but are produced by circulatory and anoxemie disturbances of 
the respiratory center. Indeed, there may be disturbances of other 
organs in this cardio-abdomino-diaphragmatic syndrome, but the fac- 
tors of the heart, the diaphragm, the abdominal press, and the nerve 
tonus are of fundamental importance. In diagnosing and interpreting 
the mechanism of the syndrome none of these factors should be con- 
sidered alone, for only by taking all together can the syndrome be 
understood. 

TREATMENT OP THE CAUDIO-ABDOMINO-DIAPHRAGMATIC SYNDROME 

"While symptomatic treatment may give satisfactory results, it is 
only by considering more broadly the mechanism of the sjuidrome that 
ive can determine the possibilities of rational treatment. 

In recent years we have found that in cases of cardiodiaphragmatic 
and abdominovisceral syndrome based on dystrophia-adiposo-hypo- 
genitalis good results may be obtained from the injection of 1 e.c. of 
pituitrin, two, three or four times weekly, combined with daily injec- 
tion of glandular extracts depending on the sex of the patient (ovarian, 
testicular, spermine, etc.). At times, when the picture is complicated 
by hypothyroidism, we give thyroid extract by mouth once or tivice 
daily, regulating the dose bj^ the indications of the indiAudual case. 
While there can never be a complete restoration of the normal state, 
in the entire series of cases symptomatic improvement was the rule. 
Attacks caused by the condition became milder and less frequent or 
disappeared completely; the function of the intestines improved and 
gaseous distention disappeared; the diaphragm became lower; and 
what is speeiallj^. characteristic, the painful symptoms of adiposa 
dolorosa became milder and disappeared. (This is particularly true of 
women at the menopause.) Among other cases I can cite that of a 
singer who under this treatment lo,st 15 pounds, regained the normal 
fimetion of her diaphragm and was able to move about freely without 
djspnea. I have a series of women over fifty years old, who under 
this treatment lost their discomfort after eating and regained their 
^ ilitj to sleeii flat in bed and to lead active lives. One patient, whom 
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I liare observed for almost two years, has even ceased to have anginal 
attacks. 

We have made a number of experiments to determine the possibility 
of securing- a prompt and vigorous effect on the tone of the diaphi’agm. 
While strychnine and extracts of the sexual glands have a definite 
action in such cases, this action develops so slowly that it is diflleult 
to study it experimentally after a single dose. 

A single injection of adrenalin, pituitrin or embryonal extract pro- 
duces a definite effect on the tone of the diaphragm. This is best seen 
in cases in which there is not great increase in the size of the ab- 
dominal cavity, in which the diaphragm is not fixed and in which the 
abdominal muscles retain their power. 

Fig. 6 represents the effect of a single subcutaneous injection of 1 c.c. 
of embryonal extract in a patient with infantile dystrophy and a high 
position of the left dome of the diaphragm. After this injection the 
two cardiophrenic angles were lowered. The following two or three 
injections served to establish the new level of the diaphragm and to 
abolish the hyperactivity^ of its reflexes. 

It is true that when the heart is dilated and pressing down upon the 
central portion of the diaphragm a decrease in tlie volume of the heart 
decreases this pressure of the heart on the diaphragm, and an injection 
of embryonal extract may produce a paradoxical result. For example, 
the cardiophrenic angles may rise, as we see in Fig. 4 of our paper 
“The Effect of Embryonal Extracts on the Tone of the Heart Muscle 
in Cases of Infantilism.” Fig. 1 of the same paper shows a similar 
effect from a subcutaneous injection of 1 c.c. of a 1 :1000 solution of 
adrenalin. 

The effect of embryonal extract lasts from twenty-four to forty-eiglit 
hours, or even longer, but the effect of adrenalin disappears within 
from eight to tumlve hours, and within twenty-four hours the dia- 
liliragm has returned to its original level or is in an even more unfavor- 
able position. Pituitrin is less active than embryonal extract, but its 
effect lasts longer than does that of adrenalin, and after its use there is 
never the marked decrease in tone Avhieh may be observed after 
adrenalin. 

Sodium nitrite lowers the tone of the diaphragm. It produces dilata- 
tion of the heart and decreases tlie spastic tonotrojiic reflexes. 

Pig. 8 indicates tlie response to the injection of 1 c.c. of a 10 per cent solution 
of sodium nitrite. The patient was a laborer, 38 years old, with moderate li.ipor 
tension, blood pressure 156/90 mm., but without arteriosclerosis. He complnwed 
of pricking precordial pain, sense of oppression, dyspnea, and anxiety after fatiguO) 
after meals, when e.xcited, and at night. Subjectively there was considerable relief 
after the first subcutaneous injection of sodium nitrite, but with this the heart ujs 
dilated, both cardiophrenic angles were elevated, and there was no objective cndencc 
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of improvement. Apijarently the subjective iinprovemenl was produced by tlie 
change in the vegetative nervous tone of the heart resulting in dilatation and les- 
sened response to reflexes. 

With embryonal extract, pitnitrin and extracts ol! the gonads, we im- 
prove tlie whole condition, bnt Avitli sodium nitrite we only remove the 
spastic heart symptoms. It may be nsei’ul to remove these symptoms, 
but we believe the other treatment to be more useful. 
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TOXIC MANIFESTATIONS OF BARIUM CHLORIDE IN A 
PATIENT WITH COMPLETE HEART-BLOCK- 

Sidney P. Schwartz, ]\I.D. 

New York, N. Y. 

I N RECENT years, the administration of barium chloride has been 
advocated for the prevention of syncopal attacks asso.ciated with 
standstill of the ventricles in patients with complete heart-block.’ 
The basis for the use of this drug depends upon its ability to keep the 
idioventricular pacemaker in an irritable state and thus prevent ven- 
tricular standstill, which in the majorit}^ of these cases is respomsible 
for periods of unconseiousne.ss that accompany this type of inactivity 
of the heart. 

The exact dosage of the drug needed to produce the desired effect is 
still unknown. According to Levine- it is probably 30 mg. four times 
a day, while Herrmann and Ashman® have reported “spectacular” 
results without any detrimental effects from the use of heavy doses 
over prolonged periods of time. Indeed, in one of their patients the 
oral administration of a single dose of 20 grains (given by mistake) 
produced no untoward .symptoms save nausea and vomiting and a 
modei’ate diarrhea. 

The following patient with complete heart-block is of particular 
interest because after the administration of only 60 mg. of barium 
chloride, he showed within several hours an irregular acceleration of 
the ventricles with alarming symptoms of extreme breathlessness and 
signs of circulatory collapse, all of which cleared up with the elimina- 
tion of the drug. 

REPORT OF CASEf 

L. R., male, aged fifty years, a tailor, rvas admitted to the 'jMoiitefiore Hospital 
on August 5, 1927 and died on liToveniber 2S, 1927. He was sulfering fioui heart 
failure and complete heart-block and from the time of hi.s admission to the wards 
he became progressively worse. He was dysprneic and cyanotic; his legs veie 
markedly swollen, and he showed hydrothorax and ascites. In the last few montlis 
of his illness he responded very poorlj- to graded doses of digitalis. Following 
the administration of approximately 50 c.c. Of tincture of digitalis within one week, 
during a time when he was known to show complete lieart-block with a ventricular 

*Fi-om tire Medical Division of the Montefiore Hospital for Chronic Diseases, Ne" 
Tork City. 

tThis case was reported in detail in connection with another phase of theraPl' 
so that onlv its saiient features are given here. Vide. The action of Digitaiu^ i 
Complete Heart-Block, The Am. Heart J. (to be publisliod). 
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ineaular acceleration of the ventricles avcnisiiin; OS bents per minute, with bigem- 
inal rliTtlim and auricular fibrillation. These abnormal rhythms were considered 
toxic manifestations of digitalis and all of them disappeared so that three weeks 
later there was again complete heart-block with a regular ventricular rate of 41 
beats per niinuts and an auricular rate averaging SS. (Fig. 1.) 

At this time, October ‘2;’,, 1927 at 9 A.M. when his heart rate was regular, the 
patient was given two doses of barium chloride of .'lO mg. each within four hours. 



Eiff. 2. Ecff. No. 297'1. After the .adminl.stratlon of barium clilorkle. Irregular ac- 
celeration of the ventricle.s. The auriclc.s are not affecteil. 


IS general condition preceding this was poor, but ho was breathing with ease 
and lie was not cyanotic. His legs were extremely swollen ; he showed no signs of 
nid in his chest, and there was only moderate ascites. 

rolloaing the administration of the last dose of barium chloride, the patient’s 
con ition became suddenly worse. He breathed with difficulty and his respirations 
eie luegulai. His face became inteusel}’- cyanotic and his sensorium was very 
s ui :>ed. He tvas disoriented and his speech became unintelligible. For the next 
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hour it was difficult to arouse him and severe pressure over the supra-orhital 
nerve just caused him to groan. Large beads of perspiration appeared on his 
forehead. His pulse was barely perceptible. 

Coincidentally with these changes in his symptoms there was noted a verv 
marked irregularity of his heart rate. This was now totally irregular and although 
there was no pulse deficit, even to the trained observer the ihythm resembled that 
of auricular fibrillation with an irregular ventricular rate which at times was as 
high as 93 beats per minute. The electrocardiograms taken at this time showed 
an irregular ventricular acceleration due to stimulation of the idioventricular pace- 
maker. The auricles were not affected by this change. (Pig. 2.) 

The irregularity of the heart disappeared toward the evening of this day and 
with the restoration of the dominant rhythm of complete heart-block the patient 
began to feel much better. 

It was impossible to repeat this test, as the patient refused to take any more 
medication. He died on Hovember 28, 1927 and during the rest of the period of 
observation, he never showed anj- irregularities except a complete heart-block. 

COMMENT 

WMle, as experience lias slioivn, barium chloride may be a safe drug 
to prescribe to patients with complete heart-block suffering from 
Stokes- Adams disease, there is probably a group of cases with aiiriculo- 
ventricular dissociation in "whieli the drug produces deleterious effects. 
It is possible that these patients who are so susceptible to the drug, as 
in the ease reported here, may never show the signs of ventricular 
standstill and that the response to barium chloride represents in them 
a highly irritable idioventricular pacemaker. Nevertheless it is impor- 
tant to realize that it does not require much of the barium chloride to 
produce toxic symptoms in an individual susceptible to the drug. For 
this reason attention is called to the fact that caution and care must ho 
exercised in the administration of barium chloride to any patient witli 
heart-block. 
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A CASE OF PAKOXYSi'^lAE TACJ]yUAKJ)IA IN TJIE COURSE 
OF ACTIVE STUUCUTE BACTEHlAlj ENOOC^AKDITIS’-^ 

Ahtiiuk N. Foxk, 

Nkw York, N. Y. 


CASE UErOUT 

C. K., male, 23 years old, was admilfod January 11, 1029, complaining of fever, 
cough, and pain in the right side of the head. Tlic onset of the illness occurred 
tu'o months before admission, with a cold accom))anicd by cough and Idood-streahed 
sputum. One week before admission the patient began to feel feverish, had night 
sweats and developed pain in the right side of tlie head, left shoulder and left 
foot. 


Family Uisiory. — Essenti.ally negative. 

Previous History . — Pleurisy and pneumonia four ye.ars before. Xo history of 
tonsillitis, rheumatic fever or chore.a. Xo history of gonorrlica. 


Physical Examiuatiou. — Tlic patient was a young adult nmle, well developed, 
presenting marked pallor, not exactly of the cafe an lait type. Tlic conjunct ivae 
showed no peteehiae; the ocular conjunctiva was pe.arly; pupils were equal and re- 
acted to light and in accommodation; cyegrounds negative. X’ose was clear; 
pharynx was slightly injected. X'd adenopathy. There w.as slight tenderness at 
the left subacromial region and at the left ankle. Lungs: slightly impaired 
resonance at the right apex and left base; no rales. Heart: some, increase in 
the horizontal diameter, especially to the left; jiresystolic and systolic murmurs 
at apex with synchronous thrills; the .systolic murmur was transmitted posteriorly 
and was heard down to the second lumbar verlebni; short, coarse, diastolic murmur 
at the base. Blood pressure 100/70 mm. Spleen: just ptilpablc; alight left 
para-umbilical tenderness. Liver not p:ilp:ible. Knee jerks present .and active. 


Diagnosis on Admission. — (a) Chronic rhcunuitic cardiovascular disease; (b) 
mitral stenosis and insunicicncy ; (c) mitr.al :nid .aortic valvulitis; (d) subacute 
bacteri.al endocarditis. 

Suhscqitcni Course. — J:imiary 13. O.sler node noted on middle finger of left hand. 

January 14 . Blood culture negative. 

January 15. Patient fell and w.'ts found to h.ave a left .arm p.aresis and a left 
supranuclear facial paresis. A petcchi.a w.as noted in the upper right lid; eye- 
grounds negative. 

January 18, P.aro.xvsm.al t.achycardi.a noted, rate 100, Patient complained as 
usual of pain in right temporal and facial regions and in left loin. 

January 20. Paro.xysmal tachycardia continued. Patient did not complain of 
his cardiac condition. 

J.anu.iry 21. Left hemiparesis; Babinski sign, positive; ankle clonus present; 
rl” observed. Patient did not compl.'iin of his paresis or c.ardiac .ar- 

'.Y iniia. Still distressed about facial :ind loin pain. EKG paroxvsmal t.aeliycardi;!, 
rate 188, auricular. ‘ 


vision^ anu Alexander Lambert, Director of the irourtli Medical Di- 

Permission tn .Symmens, Director of I..aboratorios, Bellevue Hospital, for 

Real h ’pP°''t this case from the wards of Bellevue Hospital, 
oefore the New York Pathological Society, Marcli 14. 1929. 
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January 23. Heart rate as before; no subjective or objective evidences of 
decomjiensation. 

January 24. Eate down. Patient conscious of change of heart rate but im- 
eoncerned. Slight neck rigidity; no Kernig. 

January 26. Phlebitis of vena inediana ciibiti. 

January 31. Blood culture positive for Streptococcus viridans after 144 liour.s. 
A single white centered petechia noted on right wrist. 

February 6. Pustules on left buttock. 

February 19. Pain in left loin exacerbated. Diagnosed as infarct of kidiiev 
or perisplenitis. No red blood cells found in urine. 

February 20. Few rales noted in left axilla. 

February 28. Patient vomited early in morning; soon went into coma. Spas- 
ticity developed in upper and lower extremities. Eight pupil larger than left. 
Cheyne-Stokes breathing followed. 

March 1. Patient died at 4:05 A.it. 

During the course of the illness the temperature averaged 102° F. with many 
fluctuations. The patient received digitalis, aspirin, codein, and occasionally hyp- 
notics. 

Post-moriem Examination . — Only positive findings are given. Nmnerous pctceliiae 
of conjunctivae; several peteehiae over right shoulder posteriorly; multitudes of 
petechiae over right and left pleurae. Left hemohydrothorax (over 1000 c.c.). 
About 300 c.c. of serous fluid in pericardial sac; weight of heart 350 gm. Several 
petechiae Avere present in the wall of the right auricle. The mitral valve sho^Yod 
some stenosis. There were verrucous vegetations of this valve, extending to the 
chordae tendineae and well upwards on the auricular wall. At the cepluilic 
pole of the limbus fossae ovalis there was dusky discoloration of the endocardium, 
which upon cut section seemed to be a small ecchynnosis. One of the leaflets of 
the aortic valve presented a sessile, flat vegetation from 3 mm. to 5 nmi. in diameter. 
Another of the leaflets showed a large petechia. The liver weighed 1950 gm.; 
on cut section it was dark red. The spleen was somewhat large, weighing 2G0 
gm., and showed two large infarcts of different age. Both kidneys together wcigiicd 
300 gm. The capsules stripped with difficulty, and the surface was somewhat 
granular; the left kidney showed no other gross abnormality' ; in the right kidney 
were numerous infarcts. Tlic brain was not examined. Tlie myocardial petechiae 
were confirmed by' histological study. In the A-entricular my'ocardium there was one 
large focal accumulation of large mononuclear cells ; there were scattered foci 
of fibrotic change, especially in the myocardium beneath the mural endocarditis. 

DISCUSSION 

Tlie view commonly lield of tlie infrequency of cardiac arrliytlimias 
in subacute bacterial endocarditis and tlie pertinent one of an fl'- 
frequeney of myocardial involvement are well expressed by Bickcl: 
“It is remarkable that functional alterations of the excito-conduction 
system, so frequent in the most diverse general toxi-infeetions, have 
been noticed only exceptionally in diseases predominantly localizf<^ 
to the endocardium, such as the septic endocarditides. They seem 
particularly rare in ‘I’endocardite a evolution lente, ’ and we have 
not been able to encounter a single case in a rapid bibliographical 
study.” This accords well with the fact noticed by most authors of 
the rarity of myocardial involvement. Debre tells -us in his excellent 
general review: “The myocardium is .slightly involved, the pcricar- 
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(lilun is intact, besides patients complain little of their hearts and 
the functional disturbances are inconstant and reduced to a mini- 
mum.” 

Homer S^Yift" says, “Instrumental signs of extensive parenchyma- 
tous irritation of the heart ai-e as rare in subacute bacterial endo- 
carditis as are periiiheral signs of exudation.” Bickel describes a 
case Avith heart-block. The only other case with an arrhythmia 
definitely diagnosed as active subacute bacterial endocarditis that I 
have been able to find is one of auricular fibrillation reported by 
Rothschild, Sacks and Libmau."* 

THE MYOCAKDIUAI 

Blumer^ in a study of 150 cases of subacute bacterial endocarditis 
found chronic interstitial involvement of the myocardium in 5 per 
cent (8 eases) and acute myocarditis in a little over 1 per cent (2 
eases). ClaAvsoir''’ found inflammatory myocardial changes in 24 per 
cent of 54 eases of subacute bacterial endocarditis. Thayer'’’ in a 
more intensive study found acute myocai’dial involvement in 60.8 per 
cent and chronic fibrotie changes in 63.6 per cent of his cases. Con- 
sidering the generally accepted view of the precedence of subacute 
bacterial endocarditis by rheumatic fever in which myocardial in- 
volvement is “invariable,” one should expect a proximate freciuency 
of at least the fibrotie change iu subacute bacterial endocarditis. As 
for the acute inflammatory change, the truth might well be approached 
by an application of IMackenzie’.s' general dicta: “Another point to 
bear in mind is that iu the inva.sion of the heart the specific organism 
rarely affects one tissue alone. In order to be exact and methodical 
writers usually describe separately the sym])to}ns of endocarditis, 
myocarditis and pericarditis. But if one reflects on the nature of 
the symptoms, such as the condition of the pulse, its strength and 
rate, the size of the heart and the precordial distress — the symptoms 
winch are usually included iu the description of endocarditis and 
pericarditis — it Avill be realized that they are not really the mani- 
festations of endocarditis or pericarditis but are the signs of a myo- 
cardial affection.” 

The discrepancies in the studies cited and the difference between 
apparent fact and so valid a suppo.sition as Mackenzie’s are strange. 
Fiom the point of vicAv of diagnosis, prognosis and a better clinical 
and pathological understanding of the disease, it is essential that these 
opposing vicAvs be correctly e.stimated. The symptoms, clinical fea- 
tnies and pathological findings, each offers a barrier to our knoAAdedge 
0 myocardial involvement in subacute bacterial endocarditis. Clin- 
^oa ly, as Debre®’® accurately states, “These patients are cacheetics, 
Clever cardiacs.” It is Avell to remember, hoAveAmr, that pei'ipheral 
congestive phenomena are not the only evidences of cardiac decom- 
pensation. Clinically, also, the anemia and peripheral embolic phe- 
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noluena are so striking and Availed that tliey attract almost the entire 
attention of the clinician. This is quite different from the monot- 
onous regularity of the congesth’’e phenomena of chronic cardio- 
vahnilar disease Avhere the cardiac signs and close digitalis control 
become so engaging. Pathologicalh', the endocardial involvement so 
obtrudes that Ave are apt to and really do neglect a more careful 
study of the myocardium. It is quite probable that Avhen we have 
pursued our studies of the living and dead myocardium in subacute 
bacterial endocarditis Avith the persistence AAuth Avbich Ave have pur- 
sued the presj’^stolic murmur and the Aschoff body in acute rbeiuuatic 
fever, Ave shall find little if any percentage disparity of myocardial 
inAmlA''ement in these tAVO diseases. Tlie report of this case is a small 
effort in that field. 
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Cutler, Elliott C. and Beck, Claude S.: The Present Status of the Surgical Pro- 
cedures in Chronic Valvular Disease of the Heart. Arch, of Surg. 18: 403, 1929. 

This article sununariy.es the twelve eases of clivonic valvular disease of the 
heart tiiat have been subjected to operation. The eases included one of pulmonic 
stenosis, one of aortic stenosis and ton e.ases of mitral stenosis. Of the ten patients 
with mitral stenosis who were operated upon, one only is living, a mortality of 90 
per cent. Eight of the ten patients died so soon after tlie operation that the 
changes brought about in the nieehanies of the circulation could not be adequately 
studied. One patient lived four and one-half years after the operation. 

There have been three kinds of procedures utilized in the atteinj)ts to enlarge 
the stenotic orifice. These methods arc finger dilatation, incision of the stenotic 
valve and excision of a segment of the stenotic valve. 

Tlic authors feel that the twelve cases are not sufficiently numerous to justify 
conclusions as to the value of the oper.ntion nor is it possible to answer certain 
questions that arise in this connection. The mortality figures alone should not 
deter further investigation both clinical and exjterjmental. 

Ochsner, Alton and Henmaun, George R.; Experimental Surgical Relief of Ex- 
perimentally Produced Pericardial Adhesions. Arch, of Surg. 18: 3G5, 1929. 

The authors have studied in 05 dogs the question of the removal of pericardial 
adhesions after the subsidence of the acute symptoms of acute pericarditis pro- 
duced e.vperiniontally. In one group of animals a digestant was introduced in order- 
to prevent the reformation of adhesions :iftcr the second operation. In another 
group of control animals physiologic sodium chloride was introduced into the 
pencnrdial cavity. In the third group merely the division of the adhesions was 
performed. In these groups with or without the introduction of saline solution, 
adhesions invariably reformed. 

In tliree of the ten dogs treated by digital separation of the adhesions with the 
intioductioii of a digestant solution into the pericardial cavity no iidhesions re- 
formed. The rcmaiiiliig seven animals showed evidence of e.xtensivc pleural infection. 

As the result of the study on these animals, the authors conclude that intr.-i- 
pencaulial as well as cxti-.-ipcricardial adhesions arc significant and produce cardiac 
embanassment. The two typos of adhesions arc usually associated. They discuss 
>e value of surgical interv-ention during the acute stage of purulent pericarditis 
111 order to establish external drainage. They believe that further perfection of 
ec mic vvifi enable them to introduce a v'cgetable digestant (not described in this 
ar icle) into the pericardial cavity in order to prevent the reformation of adhesions 
owing .in operation devised to break these adhesions up. 

ockwood, Ambrose L.: Surgery of the Pericardium and Heart, Arch, of Surg. 
18: 417, 1929. 

fiiscus article the author reviews the literature relating to this subject and 
and dr^ ''arious surgical procedures that have been devised to relieve injuries 
sense of the heart. Among the impiortant points to bo learned from such a 
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study, the following may be mentioned. If the patient lias lost much blood with a 
lowered arterial tension, the wound in the heart may temporarily cease to bleed 
whereas when the patient’s condition improves and the blood pressure rises delayed 
primary hemorrhage may occur and the patient may be found "in extremis.” In- 
jury of the bundle of His is often fatal. Pressure on the bundle of His or 
kinking and rotation of the heart by interfering with conduction through the 
bundle of His in doing the cardiorraphy may cause the heart to fibrillate or arrest 
entirely. Wounds of the heart heal b}' the formation of a cicatricial sear, not 
by true regeneration of muscle. Spontaneous eruption of the scar has frequently 
occurred following strain. 

He also points out that a supporting staj' suture through the apex is most valuable 
if elevation or rotation of the heart is necessary. Gauze "should not be employed 
within the pericardium. Sterile water only should be employed to cleanse the 
pericardium. No antiseptics should be employed to the serous surfaces. 

Great care must be taken to avoid infection bearing constantly in mind that 
most of the deaths after twenty-four hours have been due to infection. 

He concludes that eardiolysis in selected eases should be more commonlj' practiced. 
Cardiorrhaphy for injuries of the heart should be promptly undertaken when 
indicated, especially if hemorrhage is occurring. 

Sutherland, G. A. and McMichael, John: The Pulse Bate and Range in Health 

and Disease During Childhood. Quart. Jour. Med. 22: 519, 1929. 

The authors have noted that there is a normal variation in the heart rate of 
children between that of the sleeping and that of tlie waking hours amounting to 
more than tliirtj' beats. This nocturnal slowing is probably of great importance 
for the child. Sleep for the child thus becomes a moans of rest not only to the 
body but to the heart also. The authors believe that the e.vplanation of the extreme 
variability of the pulse rate in childhood lies in the unstable nervous system of the 
child. They point out that the "normal” heart rate is present only wlicn the 
child is asleep and when the unstable central nervous mechanism whicli controls 
the vagus and sympathetic nerves is free from disturbance of all outside stimuli. 
When the child goes to sleep, some time elapses before the effects of tlie stimuhi- 
tion of the nervous system during the wakijig hours pass off, the lowest level 
being reached between midnight and four a.m. They have also observed that when 
the child falls asleep in the early afternoon the pulse rate falls though usually 
not quite so low as the minimum nocturnal rate. 

In studying a group of children with rheumatic carditis they have Jioted the 
pulse rate continues rapid day and night and cannot be slowed or altered by atn 
amount of rest. This rapid pulse may be the only sign of activity in a case of 
rheumatic carditis. They feel that this is a useful sign to be noted in the care of 
children with carditis. 

Derick, C. L. and Hitchcock, C. H.: An Address on the Allergic Conception of 

Rheumatic Fever. Canad. Med. Assoc. J. 20: 349, 1920. 

In this address the authors review the literature and their own work on rheumatic 
fever which has brought about tlie conception that this disease may be of an allergic 
nature. They point out Gie similarity between this disease and tuberculosis .u'd 
the .development of hypersensitivity- to tuberculous infection. 

3Iuch of the recent work done on streptococcus infections and on iheum.itic 
fever in particular indicate the existence in certain individuals of a eoiiditioii o 
hypersensitiveiiess to streptococci resulting from repeated low-grade infections or 
from tJic jiersisteiicc of foci of infection in tlie body. 
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When under suitable circunistaiices, streptococci or products of streptococci are 
disseminated to tlic tissues, tliese tissues overact and tlic clmvacter picture of tlie 
disease results. When on the other hand there exists a condition of immunity or 
of normality in contradistinction to this peculiar hypersensitive state, the dis- 
semination of streptococci results in a minimum of in.piry to the tissues and the 
characteristic phenomena of the disease fail to appear. 

Kaiser Albert D.: The Eelation of the Tonsils to Acute Eheuniatisni During 
Childhood. Am. J. Dis. Child. 37: 55<1, 10251. 

In this survey 439 children who had acute rhemmitism were studied :iud a 
special effort was made to determine llic relationship of the rheumatic attacks to 
the presence or absence of the tonsils. Cases of chorea or rheninatic endocarditis 
were not included in the study unless there liad been ovidcuee ot involvement of 
joints or muscles. Efforts have been made to answer the following cjucstioiis in 
this study. Does acute rheumati.sm develop for the first lime as irer|ucntly in 
children wliose tonsils luivc been removed as in tliose not oj^erated on? Keariy 
twice as many cliilclren in flic community studied developed the first attack of 
rheumatism wlien tlie tonsils were still present. Tliis marked dilTcrcnce in tlie 
incidence of tlie disease suggests fliat the presence of tonsils predisposes to tlie 
first attack of acute rheumatism and conversely that the removal of the tonsils 
offers considerable hope of escape from this infection. Two, Do recurrent attacks 
occur as often in children whose tonsils have been removed after one attack of 
rheumatism as when the tonsillectomy lias not been performed? Eccurrent at- 
tacks of rheumatism occur ]0 per cent less often in children who had their tonsils 
removed after the first attack of rheumatism than in tliosc wlioso tonsils were 
not removed. Three, Do recurrent attacks occur as often in children who have 
their first attack after the tonsils have been removed? The figures indicate that 
rheumatism developing for the first time in a child who has had the tonsils re- 
moved is more likely to recur than in the patient who is infected before ton- 
sillectomy. Four, Does endocarditis occur as frequently in children who had acute 
rheumatism following a tonsillectomy as when the tonsils have not been re- 
moved? The incidence of carditis in the group of children studied is as high 
in one group who linve had toiisilleetoiny as in those who have not. 

Derick, C. L. and Swift, Honier F.: Eeactions of Eabbits to Non-Hemolytic 
Streptococci. 1. General Tiibercnlin-Like Hyrersensitiveness, Allergy, or Hyper- 
ergy Following the Secondary Eeactions. J. Exper. Med. 44: No. 4, G15, 1929. 

In previous communications the aiitliors have reported the phciiomenoii of see- 
ondaij reaction to certain strains of green streptococci. Briefly this consists of 
‘la inflammatory reaction which appears about the 8th to lOtli flay after intra- 
cutaneous inoculation of rabbits vvitli these microorganisms and at a time after 
m primary reaction has receded. 

The object of this present communication is to present the detailed evidence 
ha\^ ^ *"*^mates that after the development of the secondary reaction animals 
ler^ ^ iiJT’irsensitiveness which closely resembles so-called tuberculin al- 

j state is made evident by increased reactivity of the skin to re- 

scavli"'i*°” small doses of these streptococci, by the marked reactivity of the 
tlm instillation of the streptococci into the conjunctival sac and 

cultut*^ ^^'ith ot many of the animals following intravenous inoculation with 
lym'^lTt'”* ‘‘’mounts well tolerated by normal rabbits. The lesions found in the 
to tl ^ i'omatopoietic organs of these animals are grossly very similar 

se c escribed originally by Koch in tuberculous animals following inoculations 
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witli large closes of tuberculin. The authors have observed similar, lesions in 
normal rabbits following intravenous injections of the more virulent hemolytic 
streptococci and have noted ophthabnic reactions similar to those seen in hyper- 
sensitive rabbits following primary inoculations of the cornea of normal rabbits 
with living hemolytic streptococci. Thus the condition of the hypersensitive rabbit 
has been altered in such a manner that the relatively avirulent nonhemolytic 
streptococci set up immediate reactions grossly comparable to those which follow 
infection of normal animals with virulent Icemolytic streptococci. 

The evidence brought out in this study shows that foci some place in the 
body are necessary for the development of this type of allergy because hyper- 
sensitiveness did not follow intravenous inoculation. Eapid destruction of the 
microorganisms without the production of large focal lesions probablj' offer a 
suitable explanation of this phenomenon. 

The authors believe that following the intracutaneous inoculation of rabbits 
ivitli anj' strain of streptoeoeeus there develoirs a state of tuberculin-like hyper- 
sensitiveness but certain strains possess the capacity of stimulating the hyper- 
sensitiveness to a higher level than others and certain rabbits are more capable 
of reacting as is made evident by retesting the animals in different ways. Fol- 
lowing the primary intradernial reaction there persists at this primary focus a 
certain amount of residual antigenic substance. When a sufficiently high degree 
of general hypersensitiveness develops, the cells in the immediate vicinity of tlie 
primary lesion are in a condition to react with small amounts of suitable bacterial 
substances whether they are either freshly introduced or residual. The secondary 
reaction is, therefore, apparently an evidence of this reaction with some residual 
antigen persisting at the site of inoculation in an animal which has 

developed a general state of h.i'persensitiveness. The peculiar feature is that some 
strains should 2)ossess these stimulating or reacting substances to such a degree, 
while others are strains apparentlj' lacking in' them. 

Swift, Homer P. and Derick, C. L.: Reactions of Babbits to Non-Hemolytic 

Streptococci. II. Skin Reactions in Intravenously Immunized Animals. J. 

Exper. Med. 44: No. 5, SS3, 1929. 

In previous impers it has been shown that rabbits inoculated in practically 
any manner except intravenously with sufficiently large doses of certain nou- 
hemolytie streptococci develop) a condition of tissue hypersensitivencss whereas 
if the primary inoculation of the animal had been by' the intravenous route using 
amounts of culture and time intervals comparable with those employed in the 
hj'persensitized rabbits these intravenously inoculated animals responded with none 
of these reactions of hy'persensitiveness. The present paper presents evidence that 
these intravenously' inoculated rabbits react differently than do normals or hyper- 
sensitive rabbits to intracutaneous inoculation. 

These subsequent intracutaneous inoculations with homologous streptococci pro- 
duce reactions with smaller and harder lesions than are shown by normal animals 
and they do not develop the general manifestations of hypersensitiveness such as 
are shown by animals previously’ inoculated into the tissues with the same cultures. 
The lesions have little or no edema and are hard and firm after 24 to 48 hours. 
These lesions show much less change in size after two hours than do the lesions 
in other typies of animals. This reaction has been described by' the authors as an 
immune type of reaction. 

They' also have noted that certain rabbits give reactions following intracutaneous 
inoculation wliich are soft, have very little color, fade rapidly and do not slion- 
secondary reactions. They occur in rabbits which appear sick either due to an 
overwhelming reaction from streptococci or from any other cause. They Iiavc 
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designated these reactions as cachectic and arc seen in animals avith a negative state 
of anergy. This type of reaction is in contrast to the liypcrsensitive animals who 
react secondarily with signs of redness and swelling. This type of reaction in- 
dicates a positive state of hyperorgy. 

Birkhaiig, Konrad E.: Rheumatic Fever. ,T. Infect. Dis. 44; 3G.^, 1920. 

A series of 3,114 shin tests was performed during the summer of 1928 in 
European clinics on 594 individuals among whom were 42 active and 146 inactive 
or cured cases of rheumatic fever, carditis and chorea, 69 eases of chronic arthritis 
and degenerative arthritis and 33 per cent nonrheumatic controls. Excessive uni- 
versal hypersensitiveness was found among GS per cent of all types of acute rheu- 
matic fever infection, to the filtrates or autolysates and bacterial suspensions pro- 
duced by the hemolytic streptococcus. 

Hj-persensitiveness to nonhemolytic streptococcal products is most marked among 
active cases of rheumatic infection. Only 33 per cent of active and 29 per cent 
of inactive rheumatic fever individuals react to hemolytic streptococcal products, 
while 25 per cent of nonrlicumatic controls react to the hemolytic and 14 per cent 
to tlic nonhemolytic streptococcal products. Among a scries of 69 cases of chronic 
arthritis, 53 were due to infectious processes and 47 per cent of these react 
markedly to the products of both nonhemolytic and hemolytic streptococci. 


Nye, Robert N. and Seegal, David: Non-Hemolytic Streptococci and Acute 

Rheumatic Fever. J. Expor. Mod. 44: No. 4, 539, 1929. 

Blood cultures have been taken from 25 available cases of acute rheumatic fever 
according to tlic methods of Claw.sen, Small and Birkhaug. These cultures were 
negative for nonhemolytic streptococci of both the alpha and gamma types. Non- 
hemolytic streptococci were frequently recovered from the throats of jratients with 
this disease as well as from the throats of normal individuals. 

Although these nonhemolytic streptococci were morphologically' and culturally 
identical not only' amongst themselves but also when compared with stock Small 
and Birkhaug strains, all including the latter have failed to show any noteworthy 
degree of homogeneity. 

Bepresentativo strains of those streptococci have jiroved to be relatively non- 
pathogenie for rabbits following intravenous injection. 


Hanzlik, P. J.; A New Method of Estimating the Potency of Digitalis: Pigeon- 
Emesis. .1. Pharm. and Exper. Therapeu. 35: 363, 1929. 


The author 


toward the evaluation 


r proposes a method for estimating the potency' of digitalis directed 


of a probable therapeutic dosage by' determining the maximum 


emetic dose in pigeons. 

^ Adult pigeons of from 300 to 400 grams body' weight are used. The estimated 
axlh preparation is injected into a suitable wing vein in the 

into'*'' fke bird. On completion of the injection the pigeon is replaced 

a cage for observation of vomiting which is recognized by downward craning 
head and usually fl.apping of the wings with occasional ex- 
tliat *■** S^avel. These symptoms are generally preceded by symptoms of nausea, 
ef the^ ®''a]]on’ing due to increased salivation, lacrimation and ruffling of feathers 
eii the Jieek. Vomiting occurs in from three to ten minutes depending 

a serie preparation used. In determining the minimum emetic dose 

mif T pigeons is injected and the just effective dose causing emesis in two 
^ af name pigeons is noted. 
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The method has been compared with the official frog- method and the cat method 
and a number of factors effecting the accuracj- and application of the pigeon 
method liave been considered. The method is simple^ easy, convenient, economical 
and reasonably accurate. The minimum emetic dose of digitalis causes changes in 
the pigeon heart which are characteristic of advanced digitalis action thus further 
justifying expectations of therapeutic action when this dose per kg. in pigeons 
is transferred directly and given by moutli to man. 

Hanzlik, P. J., and Stockton, A. B.: Results with the Pigeon-Emesis Method of 

Estimating the Probable Therapeutic Dose of Digitalis. J. Pharm. and Exper. 

Therap. 35: 393, 1929. 

The circulatory and side actions of tinctures of digitalis, assayed by the pigeon- 
emesis method were observed in six convalescent and two pathological human sub- 
jects who received the preparations bj' mouth. The effects were controlled in three 
subjects receiving alcohol and atropine. 

Eully developed actions of digitalis were produced in the majority of the sub- 
jects as indicated by sustained slowing of the pulse, fall of blood pressure and 
reduced pulse pressure, the doses agreeing closely with the probable doses estimated 
from the minimum i emetic doses in pigeons. 

Nausea and emesis occurred in one-half the subjects receiving the digitalis thus 
corroborating the high efficienej^ of the clinical dosage estimated from the min- 
imum emetic dose in pigeons. 

Conditions affecting the efficiency of the probable therapeutic dosage of digitalis 
in pathological conditions in circulation are discussed. Such dosage ascertained 
with pigeons and given in several divided doses orally, gave complete therapeutic 
responses in three out of four patients. Thus, the evidence taken together indicates 
that the pigeon-emesis method of estimating the potency of digitalis appears to 
predict the probable therapeutic dose for man. 

Burwell, C. Sidney, and Smith, W. Carter: The Output of the Heart in Patients 

■with Abnormal Blood Pressures. J. of Clin. Invest. 7: 1, 1929. 

In two groups of cases one with sj'stolic blood pressure of over 175 mm. of 
mercury and one with systolic blood pressure of less than 95 mm. of mercury the 
total cardiac output per minute per kg. of body weight and the cardiac output 
per 100 c.e. of oxygen absorbed did not show significant changes. 

The cardiac output of all the subjects in both groups falls within the limit 
seen in normal healthy people. When the blood pressure is within the usual zone 
the averages of the cardiac output in the two groups are almost identical. The 
absence of variation is striking when it is observed that the average pulse pressure 
in the hypertensive group is 85 mm. as against 26 in the hypotensive group. 

The basal metabolic rate is on the whole somewhat higher in the group with 
high pressures than in the group with low. The pulse rates in both groups with 
the exception of those of the two normal men are slightly above the low level 
usuallj’ attained under satisfactory basal conditions and the average rate is higher 
in the hypertensive just as is the metabolic rate. 

These observations demonstrate that under conditions of bodily rest patients 
with arterial h^’pertension have no significant increase in the cardiac output. 

Esler, James W., and White, Paul D.: Clinical Significance of Premature Beats. 

Arch. Int. Med. 43: 606, 1929. 

The present study consists of a series of 200 patients, 100 of whom showed 
premature beats and 100 normal rhythm. None of them evidenced a marked de- 
gree of auriculo-ventricular or intraventricular block. They were seen between 
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the years 1915 and 1926, have been studied bj' electrocardiograms and have been 
followed to the present time. The clinical diagnoses in the cases of the two 
groups were similar. 

Premature beats ^Yhich occurred at the more rapid rates in this series did not 
bear a more serious prognosis than those at slower rates, when allow'ance was 
made for the increase in mortality due to mercased rate alone. The' presence of 
premature beats in the series reported here added no gravity to the prognosis. 
The death rate was actually slightly greater in the 100 cases with normal rhythm. 

Auricular premature beats and multifocal ventricular premature beats did not 
appear to bear a much more serious prognosis than the usual unifocal ventricular 
premature beat. 

The authors conclude that the frequency with which premature beats occur in 
a given case seem to bear little relation to prognosis. 

Stewart, Harold J.: A Study of Certain Effects Occasioned in Dogs by Diphtheria 

Toxin. Arch. Path. 7: 7G7, 1929. 

Following the intravenous injection into dogs of diphtheria toxin it was noted 
that most of these dogs showed progressive decrease in the amplitude of the 
E, and E, waves of the electrocardiogram. The present paper analyzes these 
changes in the apparent size of the heart. The analysis of the factors involved 
in this alteration indicates that it is due to loss of weight hy the heart, although 
other factors possibly play a part. The author has studied the change in body 
weiglit, the number of red blood cells and the amount of hemoglobin. There was 
also no consistent change in the total blood volume. Histological study of the 
muscles of the heart did not reveal an actual destruction of the cells to account 
for the decrease in •^veight. 


Otto, Harold L.: The Ventricular Electrocardiogram. Arch. Int. Med. 43: 335, 
1929. 


The author lias studied the nature of distin-banecs in the component portions 
of the veirtricular electrocardiogram by using various preparations that would 
either destroy or irritate the heart muscle. In 48 experiments on dogs the heart 
muscle was destroyed by injections of 95 per cent solution of alcohol. Various 
regions of the heart were injected. 


Extensive destruction of the heart muscle can be made in this W'ay before it 
causes circulatory failure. The injection of an irritant like hypertonic saline solu- 
tion does not significantly alter the electrocardiogram. The electrocardiogTapliic 
changes whidi occur from injections of alcohol are due to the destruction of the 
muscle, iiritation of the muscle plajdng no part. 

The author has also noted that mechanical irritation of the ventricular muscle 
Was without effect on the electrocardiogram and also that the amount of injection 
nch was usually necessary to affect the T ■wave permanently was considerably 
than that required to affect the QK.S. Contrasted to the T wave, this portion 
®^setrocardiogram was stable and did not give indication of the changes 
lie 1 had taken place within the myocardium. 


^on’th°^^ Blumgart, Herrmann L.: The Effect of the Digitalis Bodies 
the °T Blood Flo-w Through the Lungs and on Other Aspects of 

nu A Study of Hormal Subjects and Patients with Cardio-Vas- 

cuiar Disease. Jour. Clin. Invest. 7: 11, 1929. 

moutli ^ tincture of digitalis were administered intravenously and by 

spectively to eight normal persons. Their effect on the velocity of pul- 
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monary and periplieial venous blood flow, on tlie vital capacities of the lungs and 
arterial and venous pressures was observed. Amounts of these drugs eorrespoiuling 
to large therapeutic doses failed to change appreciably tlie velocity of the pul- 
monary blood flow and the above-mentioned aspects of the circulation in the 
normal subjects. 

When strophanthin or tincture of digitalis in large therapeutic doses was ad- 
ministered to 14 patients suffering from cardiovascular disease, the velocity of 
the pulmonary blood flow became increased in seven, was unaltered in four, while 
in three patients it was definitely decreased. 

Although the average pulse rate in seven patients showed a reduction of 14 
beats per minute, the pulmonary circulation time showed an average reduction of 
6.9 seconds which corresponds to an increase of 30 per cent in the velocity of 
pulmonarj' blood flow. 

The velocity of blood flow in the pulmonary circuit is decreased in patients 
with circulatory failure. With clinical signs of improvement due to the admin- 
istration of digitalis or to rest the velocity of this blood flow increases although 
the degree of the patient ’s improvement and the change in velocity may not he 
parallel. 

Wolff, Louis and White, Paul D.: Auricular Fibrillation. Results of Seven Years 

Experience with Quinidine Sulphate Therapy. Arch. Int. IVIcd. 43: 653, 1929. 

In 1923 Viko, Marvin and White reported 71 cases of nonparoxysmal auricular 
fibrillation and 4 eases of auricular flutter. In 68 per cent of these patients the 
rhythm was restored to normal by quinidine but in only 34 per cent was it main- 
tained during the period of observation, which varied from a few days to more 
than 10 months. The data obtained from the follow-up study of these patients 
is presented in this present article. 

The second group consists of patients seen since the first report was made and 
therefore is composed of new patients. The total number of 70 cases comprises 02 
of fibrillation and 8 of flutter. Of this entire group circus movement was abolished 
in 36 or 65.7 per cent. 

In apparentlj' normal hearts consisting of 7 cases in this series, premature 
auricular fibrillation was terminated by quinidine in 100 per cent of the cases, 
irrespective of the age of the patient and the duration of the fibrillation. These 
patients are the most satisfactory to treat. The next most responsive group is 
that of patients with rheumatic heart disease who are less than 41 years of age. 
In the hj'perthyroid group the response is somewhat better than in the group of 
patients with hypertensive and arteriosclerotic heart disease. 

When not dealing with normal hearts the most important single factor which 
influences the outcome of the treatment is the duration of fibrillation. This is 
true in a limited sense only, for the response is surprisingly high when the fibrilla- 
tion has lasted less than a month. Beyond this, duration apparently is of little 
or no importance. Age is important in the group of patients with rheumatic heart 
disease. The desired response occurs in a high percentage of the young patients, 
but occurs in a much smaller proportion of the patients more than 40 years old. 
Etiology has but a minor influence on the response to quinidine therapy. 

Recent congestive failure reduces the probability of success from the use of 
quinidine. The duration of fibrillation has not accounted for the poor response 
in the cases with congestive failure. A past histoiy of congestive failure, the 
size of the heart when enlarged, the type of fibrillation and sex appears to he 
of no influence on the outcome of treatment. 

Factors - contributing to failure in some of the eases in this series were in- 
sufficient quinidine doses, intercurrent infections and possibly alcoholism. In this 
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„e\v oTOUp of 70 patients there was one death which might possibly be attributed 
to quhucline but probably was not due to it. The Iiistory of fibrillation for a great 
numr vears in the absence of valvular disease and congestive failure, recent or 
present, is not a contraindication for quinidinc therapy. 

It seems highly desirable to digitalize all patients as a matter of routine be- 
fore starting quinidine. Full therapeutic doses should be used. There is clinical, 
e.\perimental and theoretical justification for this view. Digitalization is not in- 
dispensable in many eases but in some it will spell tlic difference between failure 
and success. Often normal rhythm may be attained with smaller doses of quinidine 
if digitalization lias been resorted to. It may add to the comfort of the patient, 
improve his condition and possibly prevent fixed flutter. No barm lias been ob- 
served from tlie combined nso of digitalis and quinidinc. 

Quinidine is of value in preventing and terminating paroxysmal auricular fibrilla- 
tion and is effective in some cases of paroxysmal tachycardia and premature beats. 
In cases of auricular flutter digitalis is probably more cfl'ectivc than quinidinc. 
Digitalis appears to be more effective than quinidinc in oeeasional eases of 
paroxysmal auricular fibrillation and paroxysmal tnebyeardia. In judging the value 
of quinidine in iwemature auricular fibrillation the criterion of greatest importance 
is the permanence of the results obtained. These follow-np studies have indicated 
that restored normal rhythm is permanent in a significant number of patients and 
although there is no definite evidence that normal rhythm prolongs life or reduces 
mortality, it is clearly evident that it promotes the health of the patient. 


Harris, Kenneth E.: A Series of Cases of Auricular Fibrillation Treated with 
Quinidine Sulphate with Special Reference to the Duration of the Restored 
Normal Mechanism. Heart, 14; 283, 1929. 


Forty-three consecutive oases of auricular fibrillation were treated with quinidine 
sulphate during tlid period of 1921 and 1923. The immediate results, together 
with the after histories of those patients in whom normal rhythm was restored are 
now recorded. In 2C of the 43 cases (60.5 per cent) normal rhythm was restored. 
The 26 patients wlio reacted successfully have been kept under close observation 
for t!ie purpose of ascertaining how long the heart rhythm would remain normal. 
At the end of the first month auricular fibrillation bad reappeared in 9 cases, 
nhiJe in 17 normal rhythm persisted. By the end of 6 months fibrillation bad 
reappeaied in 2 more eases. At the end of one year fibrillation had reappeared in 
tle”^ original series. During the next year three more reverted so that at 
e end of two years 6 eases were known still to present normal rhythm. Of 
tlir^ ^ Fotients 4 resumed the condition of fibrillation after periods over two, 
iioM one-fourth, four and one-half and seven years respectiv-ely. One has 
two since July, 1926, the otlier is still normal for four years. The 

been untraced, presented normal rhythms for 317 and 1673 
ofter quinidine therapy. 


White, Paul D.; Auriculai Standstill During Quinidine Sulphate 
Therapy. Heart, 14: 294, 1929. 

teiuporar ° leported in the present communication furnish evidence that 

bie influJ standstill may oeeur when auricular fibrillation ceases under 

its poi^s*^*^ fioinidine. Tlie effect of quinidine in this connection may be due 
'hot hbe auricular muscle. There is experimental evidence 

ouriculir topi esses the sino-auricular node and that it may induce intra- 

hloek and auricular standstill. 
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Levine, Samuel A. and Fulton, Marshall N.: The Effect of Quinidine Sulphate on 
Ventricular Tachycardia. J. A. M. A. 92: 1163, 1929. 

Clinical experiments in ten cases showing paroxysmal or persistant tachycardia 
of ventricular origin indicates that quinidine sulphate has in most instances a 
specific effect on restoring a normal rhythm. 

Ventricular tachycardia occurs occasionally in patients who have no organic 
heart disease but more commonly in those with coronary thrombosis. Althougli 
quinidine does not have any effect on the other complications of coronary tlirombosis 
such as rupture of the heart or production of emboli, its beneficial influence on 
ventricular tachj'cardia is most dramatic and may be life saving. 

It is highly probable that ventricular tachycardia is of the nature of a circus 
movement like that of auricular flutter and auricular fibrillation and that the 
effect of quinidine is similar in all these conditions. 

Moore, Henry: Paroxysmal Ventricular Tachycardia. Irish J. Med. Sci., .754, 
Dec., 1928. 

A case of paroxysmal tachycardia in a boy 12 j'ears old, probably arising in 
the ventricular muscle is described. The patient has been under observation for 
more than 56 months. The attacks have become less frequent and of shorter 
duration. Electrocardiograms are presented showmg the character of the waves 
during the attacks and intervals of regular sinus rhythm. The attacks occurred 
spontaneously, were readily induced by the administration of atropine and wliethcr 
spontaneous or induced by atropine were readily terminated by giving quinidine 
oralty. They usually started with an abrupt change in the form of tlie QKS 
complex and approximately a normal heart rate. The ventricular rate during the 
attack rose to about 170 per minute. The T wave in the slow atropine paroxysm 
was upright whenever recorded, whereas it was inverted in the slow spontaneous 
attacks. 

Coombs, Carey F.: The Distal Phenomena that Accompany High Arterial Tension. 
Bristol Medico-Chirurgical J. 46: 35, 1929. 

In this address the author described the effects to be noted in the body as a 
result of high arterial tension. He mentions the effect in the cerebral circulation 
and the brain, in the periplieral muscles and other tissues. He believes that all 
of these phenomena can be ascribed at least in part to gradual wearing down of 
the elasticity of the arterial tree. He believes that the importance of obstruc- 
tion in the small vessels is not substantiated by examination of the tissues. 

Hare, D. C. and Karn, M. Noel: An Investigation of Blood Pressure, Pulse Bate 
and the Response to Exercise During Normal Pregnancy, and Some Observa- 
tions after Confinement. Quart. J. Med. 22: 381, 1929. 

The object of this investigation has been to study the physiological reactions 
of the circulation during the course of normal pregnancy. The methods emiiloycd 
were blood pressure and pulse rate measurements and the response of the pulse 
rate to an exercise test. One hundred and six individuals are included in the study, 
three-fourths of whom were seen several times at intervals of four weeks or more. 
A suitable group of nonpregnant women were examined as controls using the same 
methods under the same conditions. 

It was found that the average systolic blood pressure of healthy women during 
pregnancy is lower than the average of nonpregnant women; also the average 
deviation during pregnancy is less and the range is consequently slightly smaller. 
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Changes during (he course of pregnancy sliow a tendeney lo a lower pressure in 
the middle period than in the earlier weeks and there is a slight but significant 
rise in the last three months. Any considcraldo rise is to be associated with the 
onset of a toxic condition. The mean diastolic pressure during pregnancy is not 
significantly diiTcrent from that of nonpregnant women. During the first six 
months the mean pressure is below the gencrarmcan and there is a steady rise 
from the seventh month to a maximum in the last month which is higher than the 
mean for iionprcgnant women. The imlse pressure is lower than that of non- 
pregnant women and falls with the advance of pregnancy. 

Pulse rate during pregnancy is not significantly altcreil from the normal. The 
difference between the sitting and .standing rates is within (he range of the normal 
increase. The pulse rates show no .signitieunt correlation with the period of preg- 
nancy. 

An exercise test is well performed and Ibc ]mlse rales after exorcise arc not 
significantly different from those of controls. In the last months of jiregnaney 
the mean rates after exercise arc below those of the preceding periods. The 
rates after c.xercise are highly correlated with the resting rale. 

There is no evidence to be found in lliis wnrk of embarrassment of eirculation 
during the later months of pregnancy. 


Harris, Kenneth E.; Notes on a Case of Complete Heart Block of Hnusually Long 

Duration. Heart, 14: 2S0, 1020. 

Complete heart block in a healthy and active man with case notes over the 
remarkably long period of 28 years is here recorded. The earliest notes are from 
the hospital records in 1000 and the first graphic records are those taken in 1000. 
The patient now 50 years of ago, is still vigorous and in no way iucaiiacitalcd. 

The first manifestations of heart block were tbe short signs of serious syncopal 
attacks. The case is unusual not only for its duration but espocinlly because the 
tnun has enjoyed vigorous health witliont limitation of liis caj)acity for jdiysical 
uork throughont the whole period named. 


Redisch, w., and Eosler, H.: Contributions to the Knowledge of Congenital Heart 

Lesions. V. Capillary Studies. AVicn. Arch. f. inner. Aled. 16: Part 2/3, 403. 
1929. 

3 cases of congenital heart disease, four of which have been controlled by 
has'*^^^ cases, of acquired Imart disease the picture of tbe capillaries 

^\itl In morbus cnerulcus there is an extreme capillary hyperemia 

forn iinolvcment of the various parts of the cajulbiries, stasis and new 

capillar”'' capillaries. AVith Pacchioni, the antlmrs consider this congenital 

as the chief cause of tbe extreme evanosis, typical of severe 
congenital heart disease. ’ 

capillar"” stenosis of the islhnius of the aorta they have found nuniorons 

to the ^ small and thin capillaric.s of the toes in contradistinction 
^t'e septa” capillaries of the upper extremity. Cases with defect of 

neetion ductus Botalli showed a normal capillary picture. No con- 

ound between the clubbing and the capillary changes. 

Shulman, Harold I. and Green, Dorothy L.: Congenital 
ock with Report of a Case. Am. J. Dis. Child. 37: 280, 1920. 


An 

%th 


instance of 


im is pf congenital cardiac defect witli pecnliaritios of pulse rate and 
seated. The eleetrocardiogr.ain shows the arrhythmia to be due to 
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a defect in cardiac mechanism which varies in its action. In this type of lesion 
of the heart, high grades of heart block are seen frequently to alternate witli 
complete dissociation. The theory that this change is due to variance in tissue 
tension around the defective conducting fibers is suggested. 

Aalsmeer, W. C. and Wenckebach, K. F.: The Heart and Circulatory System in 

Beri-Beri. Monograph, Urban and Schwarzenberg, 1929. 

Beri-beri not only produces degeneration of the nerves and hydrops but is 
responsible for important cardiac symptoms. These so far have been explained hy 
degeneration of the vagus nerve. Aalsmeer who studied the diseases in Java de- 
scribes three forms. (1) A mild form occurring in ambulatory patients. Dyspnea 
and palpitation may be present in these cases and on e.xaniination the precordial 
pulsation is wave-like, the heart sounds are very loud and although no change in 
the heart size is usually made out on examination, the fluoroscope will reveal an 
increase in the size of the right heart. Best and administration of vitaniine B 
offers an effective therapy. (2) A moderately severe tj'pe. This occurs in tlie 
patients who already show edema and polyneuritis although cardiac symptoms may 
be absent in such eases, most of the patients complain of a feeling of pressure 
in the heart region, relieved on Ij’ing down. Cough, dyspnea and cyanosis are not 
usually present. Again the waving pulsation in the precordium is present, the 
lieart is enlarged to right and left and a systolic murmur can be heard over the 
left heart. Hydrothorax may be present and is usually a part of the general 
edema rather than of cardiac origin. The spleen and liver are enlarged and tender. 
(3) An acute pernicious form of beri-beri. The chief symptoms are precordial 
distress localized to the sternum (Shoshin) accompanied by extreme dyspnea. The 
physical findings are as in the previous type excepting that the right heart is rel- 
atively much increased in size. No edema of the lungs is present, the onset is 
sudden and the course fatal. Intra-cardiac adrenalin is occasionally of benefit. 
Venesection is useful and relieves the feeling of oppression and precordial pain. 

A chronic form of cardiac beri-beri has been described. This probably occurs 
in patients who have had the acute form of the disease and who have reverted to 
their deficient diet. 

The blood pressure in beri-beri shows no change. The roentgenogram shows right- 
sided enlargement of the heart ; signs of congestion of tlie lungs are rarely visible. 
The electrocardiogram shows a shortening of the conduction time with tachycardia. 
The P-E interval may be 0.12 second or shorter. Pathologically both right and 
left ventricles are dilated with increase in the size of the muscle especially on 
the right side. The heart muscle itself seems unchanged. 

The precordium usually contains betAveen 10 and 200 c.c. of fluid. Lung con- 
gestion is not usually present but emphy'sema may be found. Tlie treatment 
consists of rest in bed, corrected diet and \-enesection. Strychnin may be used, 
digitalis and strophanthin are Avithout effect. The heart symptoms are due to 
failure of the right heart, but it is improbable that emphysema of the lungs, 
changes in the pulmonary artery or degeneration of the vagus neiwe could he 
responsible for this condition. Wenckebach believes that AA’hen the AA'hole heart 
becomes Aveaker the right heart Avill fail first and this failure aa’III be the cause 
of death. This probably occurs in other forms of heart disease but not in such 
a clearly cut manner as in beri-beri, since other types of heart disease are usually 
accompanied by A’alvular defects, fibrillation, etc. It has been shoAvn that in the 
frog heart SAvelling of the muscle AA’ill produce some failure of contraction although 
the stimulus aaIII be conducted normally, thus a similar phenomenon in bcri-hcri 
Avonld account for the decreased cardiac actiA’ity AA'ith the more rapid conduction 
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time The vitamiiie deficiency may act by changing tlie colloidal water binding 
capacity in certain predisposed tissues. Reversibility of this process would sup- 
port this theory. Administration of the B vitamine has the same specific effect in 
beri-bei'i as thyroid has in myxedema. 


Kurtz Chester M. and White, Paul D.: The Treatment of Subacute Bacterial 

Endocarditis by Transfusion from Immunized Donors. New Eng. J. Med. 200: 

479, 1929. 

In a slowly progressing case of subacute bacterial endocarditis, immunized 
transfusions from donors vaccinated with a killed culture obtained from the pa- 
tient's blood were tried. One massive transfusion of 1800 c.e. and five smaller ones 
(500 c.e. each) were given without any appreciable effect on the course of the 
disease which terminated fatally seventeen months after the onset. Serological 
studies showed the antibody titer to be liigher in the patient than in any of the 
donors. The authors believe that this case indicates that patients with this in- 
fection have an opportunity to develop a certain amount of active immunity be- 
cause the Streptococcus viridans is of rather low' virulence and the disease progresses 
slowly. It is probable that the immunity is greater than can be induced by 
vaccinating a healthy donor. 


Book Reviews 


CuxicAL Electrocardiograms, Their Interpretation and Signifi- 
cance. By Fredrick A. Willius, M.D. Section on Cardiology, The 
Mayo Clinic, Rochester, Minnesota, and Associate Professor of Med- 
iehie, The Mayo Foundation, University of Minnesota. W. B. Saun- 
ders Company, 1929, Philadelphia, pp. 219. 


This volume, one of the Jilayo Clinic monographs, is, as its title in- 
dicates, a clinical guide to the reading and interpretation of electro- 
cai'diograms. The book is carefully planned, omitting all discussion of 
method, technic and theory, but considering in order the normal electro- 
caidiogram and the various deviations from this : ventricular pre- 
hoaderance, the arrhythmias, individual wave changes, dextrocardia, 
eoionaiy thrombosis, and records obtained from the dying heart. The 
b-xt IS clear and concise, written in condensed direct style, and valuable 
Eemise of the author’s wide experience. The chief value of the book, 
w\\e\er, lies in its illustrations. The 368 figures have been selected with 
to show not only typical tracings but also transitional changes and 
ai^ several abnormalities. The figures are clear cut and 

unusually full legends. The tracings and legends 
^ f^ii’ly complete text and reference book, but for those who 
I'efev ° more detailed study there is a good bibliography with 

^I’langed at the end of each chapter. An adequate index 

who are ^ of the text. This book should be of value to all 

^Meiested in the intci'pretation and significance of electro- 
'■■luuograms. 
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Diseases op the Heart and Vessels. By Ernst Edens. Witli 239 par- 
tially colored pictures. 1057 pages. Berlin. Julius Springer, 1929. 

As the author says in the introduction, this book intends to give a 
critical review of our present knowledge of the diseases of the heart 
and vessels and the appropriate therapy. After an abstract of the his- 
torical development, the anatomy and pln’^siology of the circulatory 
system are given. The methods for the examination of the circulatory 
system are described. Following this then is a study of the valvular 
diseases with their consequences and cardiac insufficiency. A special 
chapter is devoted to the functional test of the heart and the vessels. 
A great space is occupied by the therapy of cardiac insufficiency which 
covers all the problems of modern ti’eatment of heart patients. The 
physical methods of treatment are given the consideration Avhieh they 
deserve. The next chapter contains the description of valvular lesions 
with their clinical and therapeutic peculiarities. Next follow the mal- 
formations of the heai’t and the diseases of the heart muscle. The 
mutual relationship hetiveen the heart and factors which make up 
body constitution is discussed. A special chapter is devoted to the 
study of mechanical conditions under Avhieh the heart is Avorking and 
its changes under pathological conditions. A thorough chapter on the 
irregular activity of the heai't and its treatment closes the part of the 
book dealing Avith the heart alone. A chapter folloAvs on the diseases 
of the pericardium. 

The diseases of the A^essels are separated in three divisions: those 
of the arteries, the A^eins and the capillaries. An especially broad dis- 
cussion on angina pectoris and a short review of the neurosis of the 
heart and vessels finish this part of the hook. The text is accompanied 
by excellent pictures, curves, tables and electrocardiograms. The 
print is good. An index Avith the authors’ names and the subjects and 
an extremely comprehensive accumulation of the literature (246 pages) 
complete the book and make it a A'ery valuable addition to the Avell- 
knoAvn textbooks of heart disease for the student, the practitioner and 
the research Avorker. 
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SOME UNSOLVED PEOBLEMS CONNECTED WITH ACUTE 
OBSTEUCTION OF THE COKONAEY ARTERY-'^ 

Jaimes B. Herrick, M.D, 

Chicago, Ieu. 

'T’HE purpose of this paper is to present in outline certain features 
^ of acute occlusion of the coronary artery concerning whieh there 
is still some obscurity. The hope is tliat a frank statement of these 
problems may stimulate clinicians, pathologists, and experimental 
workers to study and solve them. It is to be noted that acute occlu- 
sion of the artery is the only topic under consideration. Chronic, i.e., 
slowlj' progressive occlusion is not sharply demarcated from the acute 
process, but its features are of somewhat dilferent character and may 
well be separately considered, at least for the present. 


RELATION TO INFECTION 

Occasionally the occlusion is by an embolus. Generally, however, a 
thrombus is the cause. In practically all the thrombotic cases in which 
autopsy has been performed a chronic change in the vessel wall is 
Mentioned atheromatosis, especially jratchy atheromatosis; roughen- 
Mg, calcareous plarpies; narrowing, e.spccially’' at a point of bifurca- 
lon, arteriosclerosis. That this chronic change is the sole cause is not 

cIGcIV, 


hat may he the influence of phy'sical or chemical changes in the 
^^ooc, 01 of an altered number of blood platelets is unsettled. Does a 
i oiiei 01 feebler blood current have any effect? Particularly, what 
the iufection? ScAmral writers have called attention to 

loqueiicy with which acute coronary occlusion has been preeeded 
of tTe^b^'^^ ii^feetious processes or by a local infection in another 2 Dart 
the suggest a secondary inflammation of the Avail of 

fii'tery as a factor that may favor thrombosis. In con- 
Malls Uienniatism and other infections acute changes in the 

ohnieal have been noted. It is suggestive as fitting in Avith 

Glahn and Papioenheimer find that the 
^0 fo pyogenic infections may cause thrombosis Avhile that 

Ir 1929 ^ Meeting of the Association of American Physicians, Atlantic City, 


G33 
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accompanying rheumatism seems not to show tliis tendency. Boyd’s 
studies are worthy of note. He shows acute mural changes in the 
coronary arterj’- in addition to the chronicj and believes there is definite 
evidence of an infiammatoiy basis for coronary occlusion. 

Here, then, is a problem: to discover what factors aside from the 
clironic change in the vessel wall determine the formation of a throm- 
bus ; especial^, to what extent do focal or general infections play a 
part in this process ? In Avhat pi’opoi-tiou of cases does the Avail of the 
coronary artery sIioav acute as Avell as chronic changes that might 
favor thrombotic occlusion? Do cei'tain infections favor thrombosis 
AAdiile others do not? Whj^ is it that syphilis that so often AA'Orks 
'damage to the aorta and the mouths of the coronaries plays such a 
minor part in the tragedj* of acute eoronaiy occlusion? 

EMBOLIC PHENOMENA 

Secondary embolic manifestations may occur soon or late after myo- 
cardial infarction. Some report this as a not uncommon complication. 
Others liaA^e seen comparatiA^ely feiv instances. The explanation 
offered for the occurrence is that from the intracardiac thrombus that 
so commonly forms over the infareted area fragments are detaclied 
that, as emboli, obstruct peripheral vessels. There are clinical and 
liost-mortem reports of eoronaiy occlusion AAdth emboli in the arteries 
of the brain, spleen, meseuteiy, retina, and extremities. If the intra- 
cardiac thrombus is in the right heart the emboli maj' produce pul- 
monary infarction. 

Granting that the origin of the emboli in the intra cardiac thrombus 
is the probable explanation, the question may yet be raised AAdiether 
there maj^ not be another origin, at least in some instances. If an in- 
fectious process has produced coronary arteritis may not this same ]n'oe- 
ess produce as Avell a similar change in the Avail of some other artery, 
c.g., in the brain, leg, or spleen? The Aveak action of the heart and 
the feebler blood current, results of the damage done to the myo- 
cardium, ma}’’ still further favor thrombus formation. 

The cpiestion then seems proper: May the supposed secondary em- 
bolic manifestations at times be due to multiple thrombi resulting from 
AAudespread acute arterial inflammation? 

In this connection it maj^ he recalled that some regard postoperative 
pulmonary infarction as often due to the formation of a thrombus in 
situ rather than to an embolus IiaA'ing its origin in a thrombosed vein 
at the seat of operation. 

PHLEBITIS 

There are feAi' observations on the condition of the coronary veins 
in cases of this accident. Is there eA'idence of phlebitis or of A'cnoiis 
thrombosis? If such changes are present, Avhat is the effect on the 
heart’s activity? What is the state of the thebesian Amssels? 



IIEUKTCK : 


ACUTE OHSTIJUCTIOX OK THE (,'()KOXAl!V AUTEUY 


( 5:35 


CAUSE AXU MANXEK’ OK OEATII 

Mnnv patients die soon after the artery is oijstnieted, in a second or 
in a fcY- minutes. Is this a sudden s1oppin<r of tin; lieart’s action or 
is there a fibrillation of the ventricle that precedes death ? Wlien pa- 
tients die suddenly as they often do. hours or days after the accident, 
is this due to suddenly developing: fibrillation of the ventricle? Prob- 
ably. ves, but it is not proved. ITow often is death due to rupture 
of the heart? IIow often to <rradnal heart failure wilh its ordinary 
symptoms— dys])nea, imles, cyanosis, edema, albuminuria? In hou' 
many eases is death due to a new thrombus that forms in some other 
artery of the heart? Is this, as 8ternber<r sup:p:ests. especially apt to 
occur in an artery at the edp:e of the infarct ? Or is death often due 
to the increase of the original thrombus ]>roxiinally, thus enlarpfin^ 
the area of infarcted and useless muscle? 


INFLUENCE OF COIMFEXSATOUV EXEAUGEMEXT OK AXASTOMOSIXG VE.SSEUS 

Paradoxical as it may souud, the heart whose vessids are extensively 
sclerosed may often better withstand the insult of suddini coronary 
ocelusion than the one yvhose vessels are eomjmratively normal. If 
one of the coronaries is the seat of sclerosis that increases with ad- 
vancing years, there may be a comjiensatory enlarfrement of the col- 
lateral and anastomosing hranehes. This f(‘alure with the description 
of the intricate capillary anastomosis is stre.ssed by Oberhelman and 
heCouut in their article of 1924. The importance of thi‘ thebesian ves- 
sels in keeping alive a heart whose coi'onaries are extensively ob- 
structed lias been .shown by ^Vearn, Scott and others. 

It is only by recognizing the extensive intercommunication of blood 
ve.ssels in the heart and the mutual dependence of one artery on the 
other that one can under.stand the ability of the heart, to stand up 
under the shock of sudden occlusion of a large branch, a main trunk 
of a coronary, even the jdugging of both coronaries, as in casi's cited 
V Wearn and by Scott. 


This question is worthy of still further study. Is there any way of 
heckling clinically by symptoms, by x-ray or electrocardiograph, what 
be the prognosis? This dejicnds largely, we may assume, on the 
oucition of the intact portion of the heart muscle as well as on the 
^opaeitj of the infarcted area to heal by scarring, and both these proe- 
■ses epend largely on the efficiency of the collateral circulation. 


UOCALTZATION OP THE IXKAUC’T 

^ 1011 ^ remote effieets of the accident will depend, not 

uieas ^'^'ddenness and completeness of the occlusion, but in large 
or location of the arteiy invohmd, whether right 

Ij. j|. descending or circumflex branch, small laterals, etc. 

ll'^vesse? ■‘’.funptoms, physical signs or instrumental aid to .state 
^ occluded and the area of heart muscle secondarily damaged, 
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and tlms gain knowledge that may he lieli)fnl in estimating the out- 
come or that may serve as a guide to treatment" Can Ave, in other 
Avords, localize the lesion as Ave do Avhen a cerebral artery is 'occluded'] 

Tliere is a difficulty in this problem that is inherent in the fact that 
the area of myocardial softening AA'ill depend much on the degree to 
Avhich anastomoses are present and as already stated the degree to 
AAdiich eompensatoiy changes liaAm taken place in collateral vessels. 
In one heart the results of an occlusion near the origin of the descend- 
ing branch of the left coronary artery may differ materially from a 
similar obstruction, at the same place in another. 

The electrocardiograph should here be extremelj’' helpful. The fruit- 
ful experimental and clinical Avork of Fred Smith, Pardee, Parkinson 
and Bedford, and others is Avell knoAvn. But further animal investiga- 
tion is desirable. Of greater Amlue, hoAvever, Avill be the careful cor- 
relation of electrocardiographic study in man Avith check by post- 
mortem findings. More accurate knoAvledge must surely come from 
such imnstigation. 

It is probable, too, that Ave are not as painstaking in our examination 
of these patients as Ave should be. It Avould seem as though variations 
in the intensity and quality of iDain and its radiation, in skin tender- 
ness, dyspnea and cyanosis, drop in blood pressure, nausea, and vomit- 
ing, might all be significant, if properly analyzed, in helping to de- 
cide AAdiere the obstruction and the m^mcardial lesion lie. As is knoAvn, 
attempts have been made by PletncAV and by Libman, to differentiate 
betAveen a lesion in the right coronary and in the left. In the former 
engorgement of the liver, in the latter dyspnea, fall in blood pressure, 
and other signs of pulmonary congestion are regarded as cardinal 
differentiating points. These observations should be continued. In 
this connection it must not be forgotten that the infarction effect of an 
obstruction of the left coronary is not limited to the muscle of the left 
ventricle nor does an obstruction in the right coronary soften only 
the muscle of the right ventricle. Not only are the septum and certain 
papillary muscles generally iuA'olved but there is more or less lapping 
over of the effect into the other ventricular Avail in either case- This 
is because, as is Avell knoAvn, the right coronary artery sends a branch 
that goes to the posterior Avail of the left ventricle. The left coronary 
helps supply a portion of the anterior Avail of the right ventricle. 
So, pure right and pure left Anntricular softening are not so very 
common. 

X-ray examination may shoAV the cardiac contour altered by tiic 
yielding, Aveakened Avail. Possibly percussion may help in the same 
Avay. The location of a pericardial friction might at times he inter- 
preted as indicating the location of the myocardial lesion. The prob- 
lem of localization is therefore a liA^e one and there are scAmral aA'enue.s 
of approach. 
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PERICARDITIS 

In Avliat proportion of cases is the pericardium at autopsj^ found to be 
roiHlienecl? In hoiv many of these has friction been heard? If not 
heard, does the location of the pericardial lesion posteriorly or laterally 
rather than anteriorly explain the failure to hear the abnormal sound, 
or is such failure due to lack of keen examination, or may such lesion 
exist and he noiseless? How often is there an infarct that, extensive 
in the subendocardial region, fails to reach the pericardium? Are the 
cases with friction more severe in type and of more serious prognosis 
than those without ? 


MILD TYPES 


How often do mild types of the accident occur? All grades of 
severity exist. There are forms with instant death or death in a few 
iniinites or hours; or ivitli death postponed for da 3 'S or even months. 
There is the form with stormj'- onset, severe reaction and then a re- 
covery as regards life but with residual damage to the heart slight or 
serious as the case maj’’ be. There are mild cases, mild as to onset, 
as to early symptoms and late effects. That these mild cases are of 
greater frequency than is generally recognized is almost certain. Some 
of these patients fail to consult the doctor because the upset seems of 
no moment. Or the pain and other disturbances seem negligible to the 
physician and he fails to note slighter symptoms that are really full 
of meaning— slight drop in blood pressure, transitorj’- dyspnea, mod- 
erate tachycardia, a trifling rise in temperature, or a little increase in 
the leucocytes. That these milder cases with prompt recovery are 
leally of the nature of coronaiy thrombosis is at times shown by the 
fact that later a clear-cut attack of severer form may'^ occur, recog- 
nized by patient and doctor as of the same character as the earlier 
mild one, differing chiefly in degree. Autopsy'' often reveals not only' 
10 lecent infarct but also one or more older healed lesions with the 
anciently obstructed vessel. 


In what way' may these cases be recognized more definitely'? By' 
2 gioupiug of historical data, symp)toms, signs, and instrumental 
as state that this accident has occurred? Just 
] TT ^ fiiushed this paragraph there conies to hand the meaty article 
lie American Heart Journal for April, 1929. 

same idea more succintly and forcefully than I have 
inav minimum signs and sy'inptoins upon which one 

and make a diagnosis of coronary' occlusion and to give 

n-P 1 ^ state of the coronary' vessels and of the heart muscle 

not known.” 


Pi’oblem then is ivhat are the minimum signs and sy'mptoms? 



638 


THE AMERICAN HEART JOURNAL 


RECURRENCES 

How often are recurrences encountered ? Surely not infrequently. 
It is almost a tradition that a jiatient wlio has had one cerebral stroke 
— a large proportion of such accidents being thrombotic — is liable to 
have anotbei’. Similarly a myocardial ictus, to use the French term, 
may be repeated. Kecently at autopsy a fresli thrombus and infarct 
were found together with an old extensive scar with thinning of the 
Avails, aneurysmal bulging, and obliterated coronary. The history 
recorded that seven years before, the patient had suffered a severe, 
painful, heart attack that had confined him to bed for many days. 

Recurrences generally occur at shorter intervals than seven years. 
What is the rule as to time, if there is any rule? Are the recurrences 
as in the case cited due to iicav thrombi in other vessels, or are they 
oftener due to a proximal enlai-gement of the old thrombus? 

PAINLESS ATTACKS 

Among the outstanding sjunptoms in most descriptions of acute 
coronary occlusion is pain. This is generally described as sudden, 
often unprovoked by effort, severe, unyielding to nitroglycerin, requir- 
ing morphine. It may be tyi^ically anginal as to substernal location, 
brachial radiation, vise-like or gripping character. Often, however, it 
is loAv in the sternal region or is referred to the eioigastrium. 

But there is no doubt that there are cases Avith mild pain or AAuth no 
pain at all. While in my OAvn experience jiain has been present in 
nearly all of the eases I have regarded as acute coronary ocelu.sion, it 
has at times been absent or it has not been the earliest or most striking 
feature. In one case, otherAAUse perfectly typical, a Aveakness and 
dizziness mai'ked the onset ; and even seA’^eral hours later there Avas no 
pain requiring morphine, merely a preeordial distress. This substitu- 
tion of sudden dyspnea for pain Avas ajitly referred to by ObrastoAV 
and Strachesko as a pain equiAmleut. Rapid drop in blood ju'essure 
may be added to dyspnea as another pain equivalent. To Aidiat extent 
and in AA'hat Avay then may Ave recognize acute coronary occlusion in 
the absence of iiain? 

It may be added that Avhen Gallavardin and other French Avriters 
say that pain is of secondary importance and a relatHely rai’c incident 
in the clinical picture attending coronary occlusion, they are not draw- 
ing the line betAveeu acute or sudden ob.struetion of the artery that is 
attemjited to be draAvn here. If the ingraA^escent and .sloAA'ly develop- 
ing eases are included, pain undoubtedly is relatively much rarer. 

Also, are pain and other typical feature.s, as Weaiui and others liaA'c 
noted, more apt to be lacking Avhen an artery is obstructed in an in- 
diA'idual AA-hose heart is already failing, pei’haps through old A'alvnlar 
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disease or degenerative myocardial processes? Is coronary obstruction 
extremely rare in association with auricular fibrillation, or is its ap- 
parent rarity due to tlie fact that it is easily overlooked because the 
well-known striking symptoms are missing? Are masked and atypical 
forms not minsual under these conditions? 

ANGINAL PAIN BEFORE AND AFTER ATTACKS 

There are quite divergent statements regarding the cessation or per- 
sistence of anginal pain after an acute coronary occlusion. In some 
instances no anginal manifestations liave preceded the attack, and 
after the subsidence of the initial suffering no painful residue is left; 
there is no pain even on exertion. In otlier cases the occlusion ushers 
in a status anginosus generally resulting fatally in a few hours or in a 
few days. Or there may develop when the a cuter symptoms have gone, 
the features of ordinary effort angina. On the contrary there are many 
instances Avhere in a sufferer from angina, perhaps Avith hypertension, 
the painful paroxysms on ivalking have disappeared after the date of 
infarction. Some regard this as the almost invariable rule. There 
would seem to be, however, no justification for such a generalijcation ; 
there seems to be uo uniform result of the accident as regards pain 
of anginal character. 

Further observations are desirable along this line. Perhaps some 
explanation may be offered for the various types of pain left after 
the oeelusion. 


BEARING ON THE THEORY OF ANGINA PECTORIS 

What hearing has acute oeelusion on the theories of angina pectoris ? 
Without attempting to answer tlic question or to advance arguments 
it would seem that the phenomena attending the sudden obstruction 
of a coronary artery tend to strengthen the view that the paroxysm 
of angina of effort has its origin in a perversion of function of tlio 
coronary artery or the muscle supplied by such artery. The argument 
that claims the pain in this accident is an aortic pain seems far-fetched, 
kven if the painful stimulus is transmitted by ivay of the aorta, the 
origin seems to he in the coronary artery or in the heart muscle. This 
does not imply that there may not he pain of anginal character liaidiig 
Its origin in a diseased aortic Avail. 

Closer study of cases of angina pectoris and of coronary thrombosis 
Avith ammal experimentation may help solve this problem. There may 
■nise occasionally in connection Avith accident or surgery the oppor- 
um ,y of studying in man, in vivo and Avithont an anesthetic, the effect 

coronary artery. Some cardiac Beaumont may find 
ills Alexis St. Martin. 
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DEATH IN ANGINA PECTORIS DUE TO ACUTE CORONARY OCCLUSION 

Sudden deatli is coninion in angina iieetoris. How often is this due 
to the acute obstruction of a coronary artery? Probably the per- 
centage of such deaths attributable to coronary obstruction will de- 
cidedly increase if careful autopsy im'^estigation is made. LeCoimt’s 
figures on coroner’s eases are highly suggestive. 

CRITERIA OF DIAGNOSIS 

Generally easy to recognize if once thought of, this condition may be 
most perplexing. Are there helps to diagnosis that may be added to 
those already available? Critical and prompt decisions as to opera- 
tion for suspected surgical accidents have to be made at times. De- 
tailed reports of such cases will be helpful. 

ATYPICAL CASES 

Reference has alread}’’ been made to certain variations from the type, 
especiallj^ as regards pain. Others might be mentioned. Dyspnea, often 
strilung, merging into Chejme-Stokes breathing may be present. Yet it 
may not be noticed. Blood pressure commonly drops, a most valuable 
sjunptoni. Yet at times it holds up remarkably well, and unexplained 
daily or liourlj^ striking variations in pressure are sometimes noted. 
The rate and rhythm of the pulse may be freakish. There may be 
little change from normal. The electrocardiogram may also be freak- 
ish. Dr. Walter Hambiu'ger showed me the tracings in a hospital 
patient where extrasystoles from different foci, partial and complete 
block, paroxysms of tach3mardia and of fibrillation had alternated 
witb one another in an almost unbelievable manner during the several 
weeks following the seizure. Temperature is not alwa3^s elevated. 
Subnormal temperatures have been reported. And there are other 
variations. This maj’ increase the difficulties of diagnosis, but the 
stiid^^ and reporting of these aHpieal cases will help establish rules 
for diagnosis. 

TREATMENT 

That rest and morphine do good or may save a life is generall.v lie- 
lieved. But how long in bed? What drugs? Is digitalis helpful or 
harmful ? Does nitrogl.vcerin do aii.v good ? Or do the theobromine coiii- 
IDOunds? Can an.vthing be done to Avard off an attack or a recurrence, 
e.g., bj^ treating infections in one suffering from angina pectoris or 
from hj^pertension ? Further careful observations like those of Levine 
on the helpful effects of cpiinidine, or of Allan on the use of glucose, 
are needed. 

In conclusion to repeat AAdiat Aims .said at the beginning, this imper is 
but an outline. It is intended to be suggestHe. It is hoped it may 
stimulate to a further stud.v of this interesting and important condi- 
tion that is not jmt bj^ anj' means thoroughlj’- understood. 



further experiences with venesection in 

CONGESTIVE HEART FAlLURE^t 

WiiiLUm S. Middleton, M.D. 

Madison, Wis. 


IN 1927 Ej'ster and Middleton^ reported tlie results from venesection 
1 ill a series of 21 cases of congestive heart failure. Their experience 
reaffirmed tlie value of this procedure in relieving right heart strain. 
Venous pressure determinations served as a guide to venesection in this 
clinical study, 20 cm. of water constituting the eritical level, after the 
work of Clark.- It was furthermore established that the trend of the 
venous pressure curve subsequent to venesection served as an excellent 
measure of its efficacy. Almost invariably the venous pressure of the 
decompensated individual fell sharply on blood-letting. In the favor- 
ably reacting eases whose myocardial reserve was sufficient to meet 
the decreased diastolic load by a more adequate contraction, the 
venous pressure remained low and even tended to a]iproach the normal 
level after the primary fall. On the other hand in the cases possessing 
an iusuffieient myocardial reserve, the temiiorary respite of a lessened 
diastolic filling was not adequate to initiate such a cycle. Hence the 


advantage of a lowered venous pressure from venesection was not 
maintained, and it thereafter mounted steadily to or above its previous 
level. Obviously such a distinction in the venous jiressure curves fol- 
lowing blood-letting in congestive heart failure must lend a consider- 
able prognostic importance to such studies. 

In the eighteen months elapsing since that report an additional 
gioup of 22 cases of congestive lieart failure has been subjected to 


^euesection. In addition to the usual subjective and objective criteria 
of light heart oveidoad the determination of venous liyjiertension by^ 
10 indirect method of Hooker and Eyster^ again served as the final 
.1111 oHieut. A venous pressure of 20 cm. of water, either maintained or 
iscen in» cleemed adequate grounds for venesection. In Table I 
^^isted the clinical data on tlie cases of tins group. 

n\v table revealed a preponderance of cases witli a 

ologeuerative background. Arteriosclerosis wms the pre- 
I in The age grouping (9 in the fifth decade, 

factor ! ^ ^ years of age) undoubtedly determined this 

I'omote a ^ ^o the 

borne I’ecent oeeurrence of decompensation no relation was 

from venesection. 

a of 26 venesections was performed on the 22 subjects; and in 

lUead nefore Medicine, University of Wisconsin, 

me Wisconsin Heart Club. April 19, 1929 . 
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accord with the precept of Meek and Eyster^ 500 c.c. of blood was, as 
a rule, withdrawn. On two occasions a somewhat smaller quantity was 
taken, but in 12 instances a larger amount was let. The immediate 
results were favorable in 11 of the 18 individuals who were bled a 
single time, and on 7 of the 8 occasions where a second phlebotomy 
was required in the remaining 4 subjects. Hence, it may be stated that 
the early response to venesection was satisfactory in 14 of 22 cases of 
congestive heart failure. An -interesting correlation Avas established 
betAveen the degree of venous pressure fall and the immediate clinical 
response to the procedure. Arbitrarily a fall of 8 cm. of Avater venous 
pressure aa^s considered an adequate immediate response to venesec- 
tion (500 c.c. of blood). On this basis 13 eases reacted favorablj’-; and 
of these, a total of 11 shoAved definite clinical improvement. The corol- 
lary imfortunately does not hold ; failure to effect an adequate fall in 
the A'^enous pressure does not necessarily exclude a clinical adAmntage 
from the procedure, as AAutness cases 5 and 10 (second blood-letting) 
and 11 and 21 (single venesection). 

The ultimate outcome of this group of 22 cases Avas quite illiuninat- 
ing. Only 10 individuals left the hospital. On the other hand, of the 
12 cases terminating fatally, 5 suiwived the A'^eneseetion bj'’ longer than 
a Aveek, a limit which Avas arbitrarily set by Eyster and Middletoiff 
as a fair indication of surAUAml from the emergency Avhieh had led to 
A’’eneseetion. The days of death after venesection in these cases AA'ere 
42, 39, 33, 115, and 10, respectively. Two other cases survived 5 days 
and the remaining 5 fatal eases, 31, 24, 6, 4 and 3 hours, respectively. 
Clearly the last-mentioned group of 5 fatal cases (Nos. 4, 12, 16, IS 
and 20) constitute a type in AAdiich hindsight might Avell condemn the 
plan of attack. It is interesting, too, that not a single case of tlii.s 
limited group shoAved early amelioration of right heart distress, and 
only 1 (Case 18) possibly fell in the group in Avhich an adequate venous 
pressure fall Avas noted. 

Characteristic clinical responses to A'^enesection are abstracted in the 
folloAving contrasting reports: 

Case 4. — A white male, 46 years old, was admitted to the Wisconsin Gencrnl 
Hospital, Heb. 6, 1929, with a histoiy of a cough of 6 weehs' duration. Examina- 
tion resulted in a diagnosis of bronchopneumonia ■ Avith empyema (left). Tlirec 
days later an accession of dyspnea and cyanosis Avas accompanied ly a A’cnous 
pressure of 30 cm. of AA’ater. A A’enesection aa'us performed and COO c.c. of blood 
let. Immediately thereafter the A’enous pi-essure reading Avas 27 cm. and in one- 
half hour the Ioaa' leA'el of 24 cm. Avas established. A subsequent rise to 26 cm. 
AA'as recorded in another half hour. Although the OA'idences of anoxemia Avere par- 
tially controlled by' oxj’gen, the circulatory balance was never restored, and the 
patient died in 31 hours after venesection. In addition to the anticipated plcuio- 
pulmonary changes, necropsy revealed a serofibrinous pericarditis, cardiac hypei- 
trophy and dilatation and fibrous myocarditis. 

Case 19. — A AA’hite male, 47 years old, AA'as admitted to the Wisconsin General 
Hospital, March 23, 1929, complaining of dj’spnea aiid Aveahness. A background 
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f Icuniatie fever was cstuljlislioa for iho. picluro of ('ur.Iine ilecoinpoiisution, wliidi 
• I'lod'in addition to tho, subjective eompluints iil)ovc inoiitioiied, nen^'Tlized 
raema nausea, vomiting, cough, cviuiosis, congCHlivo rriles, tmrcliae oninTgement 
nnricul’ar fibrillation, hepatic eugorgeu.ent, positive centrifugal venous ].ulsc iu.d 
Ascites A day’s rest anti medication failing to stabilize the circulatory condition 
Zui a venous pressure of 18-20 cm. of water pertaining, 500 c.c. of blood was 
Ulidrawn. During the course of the phlebotomy the patient expressed marked 
relief in the respiratory oppression, dyspnea subsided, and the cyanosis was lessened. 
Immediately after the venesection, the venous pressure registered 12 cm. of water 
and so remained for 12 hours. IVith but one temporary slump the advantage gained 
from venesection was maintained. 


A coiiipai'ison of resiillss between Ibe previously vc]iortecl cases^ and 
the present group would seeiu justified by the parallelisms in niimbcr.s, 
types, teclmic and controls. Byster and j\riddlctoid reported iininedi- 
ate improvement in 15 of 21 eases (71.4 per cent) as compared with 
14 and 22 (63.6 per cent) in the present scric.s. The nltimate results 
oil the other hand indicate a more faymrahle response in the present 
group, 10 of 22 cases (45.4 per cent.) surviving as compared with 6 of 
21 (28.5 per cent). As in the earlier experience, a favorable primary 
response to venesection constituted a good prognostic sign, in that 
even the fatally terminating cases enjoyed a disjiroporlionately ex- 
tended length of life as compared with those .showing no sncli immedi- 
ate iiuproveinent after venesection. This rule held in all except Case 
14 after the second venesection. 


SUMMAUY 

In conclusion it may he granted tliat the inimcdiato results from 
veue, section of 500 c.c. in congestive heart failure are frequently spec- 
tacular and in a majority of instances, beneficial. From tlie very iia- 
tiu'e of tlie cases selected for tlii.s procedure ultimate recovery is not 
anticipated in a high iiroportion. Nevertholc.ss, a survival of 45.4 jior 
cent is reported in this group and an apparent prolongation of life 
claimed in an added 22.7 per cent (5 cases). The application of such a 
niechaiiical therapeutic measure as vene, section offers a field of partien- 
iai usefulness for venous pre.ssure determinations, in that not only does 
venous hypertension constitute an index of riglit lieart load, hut the 
cegiee of primary fall in venous pre.ssure on blood-letting and tlie 

curve thereafter serve as excellent prognostic measurements of its 
emciency. 
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THE USE OP CALCIUM CHLORIDE GIVEN INTRAVENOUSLY 
IN CONGESTIVE HEART PAILURE* 

Hakold J. Stewart, M.D. 

New Y'ork, N. Y . 

T T HAS long been known that the presence of calcium ions is necessary 
to the function of contraction of heart muscle, Merunowicz^ in 
1875 first observed that the aqueous extract of ash when used as a 
perfusate would support contraction of the heart. It remained for 
Ringei*,^ however, to discover the necessity of the presence of ealcimu 
ions in the perfusion fluid. Following these observations, the study of 
ions in relation to the heartbeat was extended by Howell/ Loeb,'* 
Burridge,® Mines® and others until it was finally established that the 
presence of calcium ions is necessary for the mechanism of contraction 
of heart muscle, while the iiresenee of potassium ions is necessary for 
that of relaxation, and that the principal function of sodium ions is 
to maintain the proper relations of osmotic pressure. In the study of the 
pharmacological action of digitalis an attempt has been made to con- 
nect the action of digitalis with the presence of sodium, potassium or 
calcium ions. Clark" in 1912 published experiments on the perfused 
hearts of frogs which led him to conclude that the systolic action of 
digitoxin upon the frog’s heart was dependent upon the presence of 
calcium ions, that diminution of the quantit}^ of calcium in Ringer’s 
solution diminished the systolic action of digitoxin while the presence 
of an excess of these ions did not influence the systolic action of 
digitoxin. Konsehegg,® howevei', from data also obtained from per- 
fusion experiments, came to an opposite conclusion, namely, that a 
strophanthiu (digitalis) effect was not connected with the presence of 
calcium since the drug was still effective in hearts which had been 
washed free of this ion by prolonged profusion. 

In 1917 Loewi® made a report of perfusion experiments bearing on 
this subject. He concluded that a strophanthiu (or digitalis) effect 
consists only in making the heart muscle receptive to calcium ions; 
increased receptiveness is followed by an increased calcium effect. It 
is the function of digitalis bodies, in other words, merely to sensitize 
the heart muscle to the action of calcium which is already present in 
the circulating blood. He was of the opinion that the proportion of 
calcium was not lowered in cases of heart failure but that the sensitive- 
ne.ss of the heart muscle to the concentration of calcium i^resent in the 
blood was diminished. Digitalis acts by restoring the sensitiveness of 
heart muscle to that concentration of calcium. The same result was 

»From the Hospital of the Rockefeller Institute for Medical Be.scarch, New York. 
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„i,l to be attainnblc if tbo level of caleium in (he blood was (en.porarily 
'!• I i,v injectiiifr ealeinin inlravenously. Sin-er“' on (he basis ol 
-.g exporinienls be<:an injee.(in-r ealeinm chloride iidravenously in 
the trea(aieiii of coii-es(ive hear! failnve. lie reporK'd exeelleiK 
ainrctic elYeeis from i(s use. Ir.der. he adininis(ered di-i(alis orally or 
intraveiioiislv siimiKanoonsiy wi(h (he. in.iee.(ion of ealeinm chloride 
inlravenously. His resiiHs were slrikin-i in dial diuresis ainoniKin^^ (o 
from 7001 ) e.e. (o 8000 e.c. per day was reporled. llidlmann ainl Koll- 
manu" coiifirnied (hose resiiKs in ease of “ Aorlenfehlern” and “Hyo- 
{legcneralio cordis.’' lioewenber*:'- observed similar (dleels iollowintj 
the intravenous injection of ealeinm chloride. 

We are now reportin;; oiir experimiei' with (In* inlravenoiis injection 
of calcium cliloride. 

We have approached the problem from (wo ]ioin(s of view. In the 
first place we wished to ascertain whether (mlcinni chloride in the 
amounts administered had an etVect on the iiinclion o( contraction 
of heart muscle in man. and in the second jdaci* we wished to test its 
diuretic efTcet in cases of contrestivi* heart failure. 

Before {rivinp' calcium chloride intravenously to jmtienls we look 
the precaution of makiiifr iireliniinary observations on dop:s with a view 
to learning the dose with which toxic ejl’i'cls on the heart were indiiceil. 

We injected calciiim chloride (10 p(>r cent solution). ().") gni. to 1.1 
gm., intravenously in dogs without the appearanm* in the electrocardio- 
grams of ventricular premature contractions or ventricidar standstill. 
In one dog we injected intravenously at the same time calcitnn chlo- 
ride, 0.5 gm. and 80 per cent of the calc.ulat(‘d lethal dose of tincture 
of digitalis (Upsher .Smith). About forty minutes aftei* the injection 
fre(|uent ventricular ])rcma(urc contractions occurred and were still 
prc.sc‘nt one and one-half hours af(<*r the ijijection ; they were no longer 
pre.sent the iie.xt day. One week later the experiment was reju'ated 
and .similar results were obtained. One week later still, a smaller dose 
(25 per cent of the calculated lethal do.se) of the same tincture was 
nijoeted with the .same amount of calcium chloride*, lu this case* ir- 
legnlarity did not occur. A second ele>g was give*n 25 i)e*r ce*nt eif the 
calculated lethal do.se of the tincture of digitalis intravenously with- 
out camsing an irregularity. Two hours later calcium chloride*. 0.5 gm., 
ua.s guen intraveiiou.sly and vcnlric.ular premature cemtractious failcel 
0 e\e]op. One week later, when 30 jx'r cent of the calculated letlial 
fose uas injected iedlowed by the same, amount, of calcium chloride. 

o ^'"^fua.sy.stolic irregularity devclopeKl. It. a])j>ears them Ihal 30 
111 '! lethal dose of digitalis is eritieal when eom- 

'to hijection of calcium clden-idc. 

wensfwf fnuclioiis of conlracliou 

Colnnmi ^ii^viug x-ray films Avbich was ado])tcd by 

enait in their study of the elVecl of digitalis on contrac- 
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tion in tlie human heart muscle. This method consists in photograph- 
ing -with roentgen rays the excursions of the two borders of the heart. 

this method continuous curves are obtained, the curves recorded 
representing the shortening or contraction undergone during sj'stole 
b.y that portion of the left ventricular and right auricular margins 
which are photographed. The apparatus and technic of obtaining 
these curves has been described b3^ Cohn and Stewart. These observa- 
tions were made in male patients, the subjects of heart disease Avhose 
chests were reasonabl}’ thin and who were free of edema. 

Preliminaiy moving x-raj^ photographs were taken at the level of 
the apex of the heart. This level Avas marked on the patient's chest. 
Immediatelj’- afterward the patient la}'- down and sterile calcium chlo- 
ride (10 per cent solution) Avas injected intraAmnouslju MoAung x-ray 
photographs Avere then made at the same leA’^el as that at AAdiich the 
preliminarj’- curve had been taken, the exposures being made at in- 
teiwals ranging from tAVO to thirty minutes after the injection. A 
series of such photographs Avas made of patients Avho had not received 
digitalis. In a second series of patients digitalis Avas giA^en until by 
electrocardiograms (T-AvaA^e and conduction changes) and clinically 
(ill auricular fibrillation sloAidiig of Amntrieular rate) a digitalis effect 
Avas observed. After preliminaiy moving x-raj'- photographs Avere 
made of these patients, calcium chloride Avas given intravenously, and 
x-raj'- moAdng films Avere again taken, exposed as in the first instance. 
Both series of observations Avere made in patients in AAdiom the rhythm 
Avas normal as Avell as in those AAdio exhibited auricular fibrillation. 
Oiity those cui’A'es Avere measured in Avhich the stationaiy films taken 
at the time the moving films Avere exposed shoAved that identical points 
on the left A^entricular margin had been exposed in the photographs 
taken after injecting calcium chloride as had been exjiosed in the pre- 
liminaiy films. The excursions made bj’- the heart’s border Avere traced 
on tissue paper and the height of the left A^entricular excursions meas- 
ured in the manner described by Cohn and SteAvart.^^ 

The method of injecting calcium chloride Avas as folloAVS. A vene- 
puncture needle to Avhich a Luer sjudnge Avas attached Avas inserted 
into a cubital A^ein. A small amount of blood Avas AAnthdraAAUi in order 
to be certain that the needle had entered the A^ein. "With the needle 
left in place this sju-inge Avas disconnected and one containing calcium 
chloride solution Avas substituted for it. Calcium chloride Avas in- 
jected sIoavIa*. The technic desci’ibed aAmids the danger of introducing 
calcium chloride into the subcutaneous tissues. If this occurs, necrosis 
of the tissues is said to take place. During injection the patienis 
described a sensation of heat in the blood A^essels as the calciiun chlo- 
ride AAms carried through the bodjL A feAv 25atients called attention lo 
a salty taste. No uutoAvard effects Avere observed either during or 
folloAA'ing injection. We haA'e made studies of .six patients; in four, 
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observations were mncle before they roecivcd digitalis and again after 
(li<.italis bad been given. Of one patient, only, those photographs 
taken during the calcium chloride period wore suitable lor measure- 
ment, while of the sixth patient, the curves were measurable only in 
those photographs taken when calcium chloride was given at- the time 
the patient was under the influence of digitalis. 

A complete protocol is given in one ease only. 

G.WE l.-R. McCi. was a male, IS years old. He complainod of sbortnoss of 
breatli, \Yeakncss, loss of appetitn aiul prccovdial pain of sovoral inonlli.s’ duration. 
He Imcl suifered from clioroa in childhood. The tonsils weio excised hr.-^t, wlien he 
was 6 years old. Frequent attacks of tonsillitis occurred from 1015 to 1020. 
Tlieie was an attack of acute rheumatic fever in 1010. In 102-t the tonsils were 
remoxed agaiu. Since the, last tousiUeetouxy tUe,rc had been no attnelss of acute 
tonsillitis. lie was well from 102-1 until the onset of the present illness. 

Physical Eraminaiion. — Tlie patient was a well-nourished, well-developed youth. 
He lay Hat in bed without respiratory distress. Tlierc was no cyanosis. '1 he teeth 
were in excellent condition. The tonsils had been (deanly removed., Hio heart 
was slightly enlarged. There were no thrills over the jirccordinm; the heart 
soinids were essentially clear both at the apex and over the base, except for a, 
presystolie element in the abrupt first sound. The second pulmonic sound was re- 
duplicated. The heart rate was slow. The rhythm was regular cxcepit for occasional 
premature contractions which were followed by sborl compensatory pauses. The 
systolic blood pressure measured 100 mm. of mercury aud the diastolic 70 mm. 
The lungs were clear. The abdomen was negative. There was no edema. Tim 
Wassennanu reaction in the blood was negative. The urine wa.s negative. The 
plienolsulphoncphtlialoiu excretion, the concentration and dilution tests for water 
excretion, and the index of urea cxerotioii, all showed normal values. Tlic leu- 
kocyte count varied between 11,000 and 15,000 when he was first admitted to hos- 
pital hut later fell to 8,000. The count of the red blood cells was 7,000,000. The 
oxygen capacity of the blood u;i.s 10.2S niM. 0., wliicli is equivalent to 12-1 jier 
cent hemoglobin. The electrocardiogram sliowcd a normal rhythm and the con- 
duction time was nonnal. There were occasional premature contractions. 

On March 7, the patient was under the influence of digitalis ; the left ventricular 
excursion at the level of the fourth interspace measured 5.2 mm. (Table I). Ten 
minutes after the intravenous injection of calcium chloride 0.5 gm. the excursion 
"as 5.5 mm., that is to say it was substantially unchanged. 

On Mareli 9 the patient was still under the influence of digitalis; the left ven- 
tiicular excursion measured 5.7 nun. Eleven minutes after calcium chloride, O.G 
gm., had been injected, it rvas 5.5 mm.; 22 minutes afterward it was 5.9 inm,, that 
is to say the extent of ventricular contraction was uuehanged. It may be recalled 
lat 1 mm. is within the limits of error of measuring- these curves. The patient 
receive no digitalis for 10 days. On March 17 the excursion at the level of the 
our 1 interspace was 5.4 mni. Ten minutes after the injection of calcium chloride, 
• gni., 1 was 6 mm., and 28 minutes afterward 0.4 mm. On April 10 when the 


patient "’as not under the influence of digitalis, the left ventricular excur.sion was 
chloride, O.S ® •'‘^ter the injection of calcium 


0.1 mm. 


On Anrii in minutes afterward 7 mm. He was then given digitalis. 

jeetioJ of ventricular excursion was 7.2 mm.; 10 minutes after the in- 

kr! ‘I eh oriik, 0.S gj„., it 7.2 .nm,; 20 afte,„a,a it ivaa 

traction of the loft chloride did not increase the extent of con- 

»■ »»ae, the "t 012^;,’'’''“ “ 



Table I 

Effect of the Ixtuavexous Injection of Calcium Chloride Upon the Ventricular Excursion in Case I. Normal Rhythm 
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Tabi.k JI 

SUMMAIIY of TIIK OnSKUVATIONS ON' TIIK EFKKCT OF CAI,OH:Nr CHIAJUIDK ON TIIF. LKFT 
VENTIOOUEAU EXCUItSIOX OF THE IlEAllT 


Ni’.MBElt 

OF on- 

KEIIVA- 

TIONS 

EFFEFT 

ON 1-EFT 

VEN- 

TKICUI-Ai: 

EXOHU- 

.SION 

DIACNO.Sl.S* 

o 

0 

A: xVeute rlu’uniatie fever (inac- 
tive). 

11: Chronic myocarditis. 

C: Xonnal .«imis rhythm; auric- 
ular premature coutraetions; 
cardiac jiaiii. 

1 

0 

xV: xVeute rlicumatic fever (?). 

B: Cardiac Iiypertrophy ; jnitral 
stenosis and' iusuflieicney; ri"ht 
ventricular prepoiuleraiice. 

C: N'ormal sinus rhythm. 

• » 

0 

A; -Acute rheumatic fever (inac- 
tive) ; clironic iieplivitis. 

B: Mitral insufliciency ; cardiac 
hypertrophy; right ventricular 
lueponderaucc. 

C: Normal sinus rhythm; arterial 
hyiicrt elision. 

1 

0 

A: None. 

B : None. 

C: Normal sinus rliytlim; cardiac 
])aiii. 

4 

0 

jVc.ufe rlicumatic fever (?). 

B: Mitral stenosis and iii.sufli- 
cieiicy; aortic insufliciency; 
cardiac liypcrtropliy, 

0: xVuricular tibrillation. 

3 

0 


1 

0 


1 

0 


0 

0 


1 

0 

.•V: iVeute rheumatic fever (?). 

B: Alitral stenosis niul insufli- 
cieiicy; cardiac hypertrophy. 

C: -Auricular lilirillatiou. 

11 

0 


11 

0 
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(Out- 
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Case 1 


Case 2 


Case .H 

Auricular 

fibrilla- 

tion 

Case o 

Case ()■ 
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AM. HEAUT .7. 3; 202, 1!)2(). 


Calcium chloride and 
• — digita lis 

^'■nien'ctn to 

A - L. ^'^'t A.ssocmtion. 

— Etiological. 

^ -'Anatomical. 

— Physiological. 

tt«y are not ["'‘ionts yielded similar results 

summarized in Table ij 0 i'- n "" 

oaeasions to four rmtienre ' ° ivas given on seven 

on fon.. oecasionsTo „ r “ "'''5'“'” Avas Jiormal 

‘“o- The extent of eo, subject ot auricular flbrilla- 

»"“'H>ytbe ‘ «>' ventriele urns not i„fl„. 

- a single instance. It avas given on live occasions 
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to tliree of the iiatients exhibiting a normal rhythm who had before- 
hand been given digitalis, and on six occasions to two patients, sub- 
jects of auricular fibrillation while under the influence of digitalis. In 
these instances also the injection of calcium chloride failed to induce 
a change in the extent of the left ventricular excursions. Since Cohu 
and Stewart^" have shown that therapeutic doses of digitalis give rise 
to increases in the contractions of the left ventricle, Ave conclude that 
calcium chloride in the doses given does not affect the extent of con- 
tractions of the left ventricle, at least at the point of the ventricular 
margin Avliich Ave studied. 

There is, liOAveAmr, the possibility that calcium chloride might influ- 
ence the force of ventricular contraction, although it does not affect 
the extent of contraction. Patients in AAdiom the auricles are fibril- 
lating lend themselves to the study of this phase of the problem. If 



Pig. 1. — This shows the effect of intravenous injection of calcium chloride on the ven- 
tricular and on the radial pulse rate in Case G. 

the force of A’^entricular contractions increased folloAving the injection 
of calcium chloride, a gTeater number of cardiac systoles may be for- 
cible enough to open the aortic Amh'es and to force blood into the aui.s- 
eular system; the jiulse deficit aauII then be diminished. The patients 
studied from this point of aucav Avere at rest for one-half hour or 
longer. The Amnti’icular rate at the apex and the pulse rate in one 
radial artery Avere counted simultaneouslj'- seAmral times at intervals of 
a feAv minutes and the pulse deficit recorded. Calcium chloride Avas 
then giA’’en intraAmnously ; the pulse rates Avere counted again at ni- 
tei’Amls of a feiv minutes until the end of one hour. These observations 
Avere made in seAmral patients before digitalis Avas given and later also 
Avhen the patients Avere under the influence of this drug. The injection 
of calcium chloride did not decrease the pulse deficit aiipreciably (F^n- 
1) ; although it appeared that aa'Iigu the patient Aims not under Ibe 
influence of digitalis and calcium chloride Avas injected, it Avas shg i } 
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less for a few mimites after its injection, that is to say the nnniher of 
effective beats was slightly larger 5 this effect, however, was only transi- 
tory. The results in the other patients were identical. No evidence is 
»ained then from these observations tliat ealcinm chloride influences 
more than transiently the force of the ventricular contraction either 
if given alone or if given when the patient is under the influence of 
digitalis. 

To ascertain the effect of calcium chloride upon the heart inusck 
three patients, subjects of auricular fibrillation, and three patients in 
whom the cardiac rhythm ivas normal were studied eleetrocardio- 
graphieally. In two patients of each group observations were made 
when they were under the influence of digitalis as well as when they 
were not. They were given a preliminaiy period of rest varying from 
thirty to sixty minutes. Electrocardiograms were taken immediately 
before and at intervals of a few minutes after the injection of calcium 
chloride until the end of one hour. No changes were observed either 
in the form of the electrocardiogram, in conduction time in cases of 
normal rhythm or in the ventricular rate following the injection of 
calcium chloride. 

There is then no evidence that calcium chloride in the doses given 
•influences either the force or the extent of contraction of the heart, or 
that the heart muscle is affected hy it, at least in resi^ect to the ob- 
servations which were made. 

The iise of calcium chloride administered intravenously as a diuretic. 
—Polloiving Singer’s^” recommendation ealcinm cbloride was given in- 
travenously to twelve patients with edema of cardiac origin. All 
patients remained in bed nntil the effects of rest and of restriction 
of the intake of fluids had been establislied. Calcium chloride was 
then given intravenously both to those who were not and to others 
nho were under the influence of digitalis; in a third set of obseiwa- 
tions digitalis was administered after the injection of ealcinm chloride. 

he report of these observations folloAvs. 


'vas ^ 1 ' patient was a male, 58 years old. Tlie cardiac diagnosis 

elir 0^0" a. ^tiolagical; arterial hypertension ; anatomical: cardiac hypertrophy, 
slight right ventricular i^reponderance ; physiological: normal 
liTdrot/^- *^ongestive heart failure. The signs of congestive heart failure were 
The sTstoV^ edema. The Wassermann reaction of the blood was negative. 
The uaf pressure measured 160 min. of mercury and the diastolic 120 mm. 

years aso^ a first attack of congestive lieart failure one and one-half 

Ihe patient P^^ssnt one was the third. Tremendous diuresis occurred when 
inany days ™ bed and the fluid intahe limited. It continued for 

The’ patient recurred. 

Siren calcium Ti ^ ^ "P number of hours each day. He was 

'ras a sligiR w ^°^*'^''®riously each night. On the fourth day there 

1‘ights. Tiie volume of urine. It was injected on four subsequent 

bic injection n/ greater, however, than it Imd frequently been before 

calcium chloride. He was finally made free of edema by taking 
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digital! O.o gm. every 2 weeks and this state has been maintained even after lie 
returned to work. It was in' patients like this one that Singer tliought the in- 
travenous injection of calcium chloride iiarticularly effective. Diuresis did not 
occur, however, in this instance. 

Case 9. — M. Iv. Tliis patient was a male, 12 years old. Tlie cardiac diagnosis 
was: Etioloffical: acute rheumatic fever (inactive); anatomical: mitral stenosis 
and insufiScienc}', tricuspid iusutficiencj', cardiac hypertrophy, right ventricular pre- 
ponderance; lyliysiological ; normal sinus rhythm, congestive heart failure. Tlic 
signs of congestive heart failure were edema, right hydrothorax, ascites and en- 
largement of the liver. This was the first attack of congestive failure. It was 
of one month’s duration. Digitalis and theobromine diuretics were witliout diuretic 
effect. "When the patient was not under the influence of digitalis, calcium chloride, 
0.2 gm. a day, was given intravenously on 2 days; there was no increase in the 
volume of urine. The results were identical when the observations were repeated. 
The output of urine did not increase, and the patient became worse and died. An 
autopsy was performed. The diagnosis Avas: chronic cardiac valvular disease 
(mitral stenosis, aortic stenosis, tricuspid stenosis), r^errucous endocarditis (mitral, 
aortic and tricuspid), septicemia (Streptococcus hemolyticus), fibrous pericarditis, 
fibrous pleurisj', general edema, ascites, h3'drothorax, splenomegal}'^, infarcts of the 
lungs and the spleen, advanced chronic passho congestion of the organs, cirrhosis 
of the liver, calcification of the pancreas, fattj" degeneration of the aorta, de- 
cubitus ulcers. 

Case 10. — A. B. This iiatient was a female, 44 years old. The diagnosis Avas: 
Etiological: acute rheumatic fcA’er (inactiA’c) ; anatomical: mitral stenosis and in- 
sufficiencj^, cardiac hi'pertrophj", riglit ventricular preponderance; 2 )h]/siological: 
normal sinus rhythm, congestive heart failure. The signs of congestive heart failure 
Avere ascites, enlargement of the liver, and edema. The patient had been the 
subject of chronic congestive heart failure for 20 months. During this time 
paracentesis had been performed eA'eiy 3 weeks for relief of ascites. The first 
attack of failure occurred 3 years before. The usual measures were AAuthout effect 
in relieving the patient of edema and ascites. Calcium chloiide, 0.1 gm. a day, 
Avas injected intravenouslj" on 3 daj’^s. The output of urine did not increase. She 
Avas not benefited bj' the administration of digitalis, nor did diuresis occur Avhen 
novasurol was given. She became AA'orse and died. The autopsj" diagnosis Avas: 
chronic cardiac valvular disease (mitral stenosis), ascites, hj'dropericardium, chronic 
liassive congestion of the liver, spleen and pancreas, chronic peritonitis, pen- 
hepatitis, perisplenitis, cirrhosis of the liver. 

Case 11. — A. W. This patient A\'as a negro, 71 years old. The diagnosis Avas: 
Etiological : arteriosclerosis, arterial hyjiertension; anatomical: cardiac hypertrophy, 
chronic mjnearditis, left Anntricular preponderance; physiological: normal sinus 
rhythm, congestive heart failure. The patient had suffered from tAVo attacks of 
congestive heart failure. The first occurred 4 months before. The signs of con- 
gestive heart failure AA'ere right and left lydrothorax, ascites, enlargement of the 
liver, and edema. The 'Wassermann reaction of the blood Avas negative. The 
sj’stolic blood pressure measured 223 mm. of mercuiy and the diastolic 134 mm. 

The preliminaiy period before giving calcium chloride Avas not as avcII con 
trolled as in the case of the other patients. 'While resting in bed the volume of 
urine increased. A Avater balance had not been reached under these conditions 
Avhen calcium chloride Avas giA’en. Calcium chloride, 0.2 gm., Avas injected ni 
tr.avenously on each of 4 daj^s and 0.5 gm. on the fifth daj'. The volume of uiuic 
remained above the fluid intake on each of these daj’s; the increase in output uas 
not greater, hoAvever, than had been the fluctuations before c.alcium chloride un 
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oiveu At this lime faeinl ovysirelfts rtevclopocl and the patient died. Tiic diag- 
no=i.s at antopsv was: facial ciysipelas, chvonjc in.voearditi.s-, fatt.v dogonoration 
of\he heart, cardiac h.vpevtvophy and dilatation, hydroporieardinin, general arteri- 
o«clero.'=i.s, edema, ascites, hydvothovax, terminal ]meuinonia of the upper lobe of 
the right limg, anthracosis, avterioselerotie Iciduey.s, perispleniti.s and pi>rihepatitis, 
iimhilieal and inguinal hernias. 


Snmvwvij.—ln these 4 patients, then, dhirosis did not. occur as a re- 
.siiltof injecting calcium chloride in t raven ou.sl.v. 

To eight patients calcium chloride was given in combination witli 
digitalis. It was injected either betorc digitalis bad been given, at tlie 
same time, or after the admini.stration of digitalis. 


Cask 12.— AL L. The patient vas a male, (>5 years old. TIic enrdine, diagnosis 
\vn.s; Etiological: arteriosclerosis; anatomical: cardiac hypertropiiy, chronic myo- 
carditis, mitral iilsutlicionc.v, aortic roughening, left ventricular ])n;poiideranee; 
plii/.iiological : normal sinus rhythm, right inlr.-iventricnlar lieart-block, conge.stive 
heart failure. Four attacks of congestive failure occurred in one year. Tlio .signs 
of failure n'cve enlargement of the liver and edema. The patient remained in 
bed and nas taking 1200 c.c. of Iluid a da.v. The output of urine remained low, 
Caleiiuu chloride, 0.5 gin., was in.-jected intiavenously. Increase in outinit did 
not occur. Since the patient was getting worse rapidly, digitan, 0.7 gm., was 
given n-ithin ,9 liours. Tliat day Ids output rose to 2S43 c.c., and it was 5015 c.c., 
3233 c.c,, 23S2 c.c., ll-JO c.c., 112,‘t c.c., and 008 c.c., respectively on the succeeding 
G days. The patient lost 12.(1 kg. in weight in 7 days; edema disappeared; the 
liver was no longer palpable. It was not iiece.ssary to give tlic patient more 
digitalis while he remained in hospital. 

Tile observations in this imtient were not satisfactorily controlled because ho 
was acutely ill. IVlicii calcium chloride wa.s injected intravenously one day fol- 
lowed by the admiidstiution of digitalis by mouth the nc.vt day, marked diuresis 
ociairrctl. Several montii.s later another attack of congestive failure occurred. On 
this occasion diuresis occurred when digitalis alone was given. 

C.VSE 13. P. p. piiis patient was a male, 51 years old. The cardiac diagnosis 

nas. Etiological: arterio.=clerosis; anatomical : chronic myocarditis, cardiac hyper- 

trophj j physiological: auricular fibrillation, conge.stivc heart failure. This was the 

ist attack tlie patient Jiad .sufTcred. It liud been present for one mouth. The 

^'ews of congestive failure were right hydrotliorax, onlargenicut of the liver, ascites 

systolic lilood pressure measured 320 mm. mercury and the 

^ as 0 1 C 80 nun. The patient wa.s given digita]i.s. ^Moderate diuresis occurred. 

^ 0 ays later calcium chloride, 0.5 gm., was injected intravenously. The volume 

Following the administration of digitan, 0.4 gm., the output 

occut?*! ^ i’'C’'oose in output was, however, no more than 

linsnU 1 ** °"*og the administration of digitalis alone. The patient loft the 

hospital against advice. 


old. The . 1 - This patient rvas a male, OC years 

msufflcieiiev'^^ 'oe diagnosis was: Etiological: arteriosclerosis; anatomical: mitral 
ftwricular lijpertropliy, left ventricular preponderance; physiological: 

Pulnioiiarv”!! ^ congestive lieart failure. The sig-ns of congestive failure were 
failure in s edema. The patient had suffered from 3 attacks of 

systolic blonR reaction of the blood was negative. The 

This naf f 140 ram. mercuiy and the diastolic SO mm. 

thea given “lAuence of digitalis for 3 weeks. He was 

cHonCe, 0.3 g„., 0.3 „,a 0.1 gm., respectively „„ .3 a.ey,. 


.ihr\ 
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Tliere was no increase in the output of urine. Tliis is the patient in whom moci- 
crate diuresis occurred wiien calcium chloride was given by mouth. The patient 
died following- an attack of acute cardiac dilatation. The diagnosis at autopsy 
was: general arterioselerosiSj chronic cardiac valvular disease, cardiac hr-pertrophy, 
aneurj'sm of the abdominal aorta, diffuse hyperplastic sclerosis of the kidneys and 
the pancreas, infarcts of the kidneys, terminal bronchojoneumonia. 


Case 15. — M. de H. This patient was a male, 72 years old. The cardiac diag- 
nosis was: Etiological: arteriosclerosis; anatomical: cardiac hypertrophy, mitral 
insutSciency, chronic myocarditis, left ventricular preponderance; physiologml: 
auricular flbrillation, congestive heart failure. The signs of decompensation were 
left hydrothorax, ascites, enlargement of the liver, and edema. The patient had 
sutfered from two attacks of heart failure. The first occurred 4 years before. 
The sj'stolic blood pressure measured 114 mm. of mercuiy and the diastolic 70 mm. 

Calcium chloride, 0.2 gm., was injected intravenously on the same day that 
digitan, 0-5 gm., was given by mouth. The next day calcium "chloride, 0.1 gm., 
and digitan, 0.2 gm., were given, and on the following da,y, calcium chloride, 
0.1 gm. Diuresis did not occur. Later, yvhen digitan, 2.1 gm., was given in 5 
day’s, marked diuresis occurred, and the patient became free of the signs of con- 
gestive heart failure. 


Case 10. — D. di L. This patient was a male, 32 years old. The cardiac diag- 
nosis w’as: Etiological: acute rheumatic fever; anatomical: miti-al insufficiency, 
cardiac hypertrophy and dilatation, right ventricular preponderance; physiological: 
auricular fibrillation, congestive heart failui-e. The sig-ns of failure were ascites 
and edema. The patient had suffered from 2 attacks of heart failure. The first 
occurred 3 years before. 

When digitalis yvas given, the volume of urine increased. While moderate diuresis 
was occurring, calcium chloride, 0.3 g-m., was injected on 2 days and 0.2 gm. on 
the next 2 days; the administration of digitalis was continued. A further in- 
crease in the volume of urine did not occur. During the next 2 weeks calcium 
chloride, 0.3 gm., was injected for several days in succession, and the administra- 
tion of digitalis continued. Diuresis did not occur. The patient became worse and 
died. The diagnosis at autopsy w-as: chronic cardiac valvular disease (mitral), 
verrucous endocarditis (tricuspid and aortic) calcification of the mitral valve. 


Case 17. — G. B. (See Case 4, Stewarti-*.) The patient wms a male, 69 years old. 
The cardiac diagnosis was: Etiological: arteriosclerosis; anatomical: aortic stenosis 
and insufficiency, mitral insufficiency, cardiac hypertrophy, left ventricular preponder- 
ance; physiological : auricular fibrillation, congestive heart failure. The signs of con- 
gestive heart failure w'ere right hydrothoi-ax, enlargement of the liver, ascites and 
edema. This attack, the first that the patient had suffered, had been present for 
6 months. Calcium chloride, 0.1 gin., 0.1 gm., and 0.2 gm., was given on 3 suc- 
cessive days. The volume of urine did not change. The administration of digilnn, 
0.5 gm., on the fifth day did not increase the output. Calcium chloride, 0.1 gni., 
was given on the seventh, and 0.2 gm. on the eighth days. Still it did not incicnse. 
On the day that digitan, 0.5 gm., was given a slight increase occurred. The ad 
ministration of calcium chloride, 0.2 gm., on the eleventh and twelfth days, and of 
digitan, 0.5 gm., on the thirteenth day’ was not followed by’ diuresis. When cn 
cium chloride and digitan were given in the same manner on the fourteenth, i 
teenth and sixteenth days, increase in output again did not occur. The administr.i^ 
tion of digitalis -u’as continued. One week later calcium chloride was gi^en on 
days (0.1 gm., 0.2 gm., and 0.2 gm., respectively). Diuresis did not occur. ‘C 
patient died several weeks later. The diagnosis at autopsy was: general artenosc c^ 
rosi.s, chronic cardiac valvular disease (aortic), perforation of the intra\entrict 
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ccptum contraction of scar in tl^c conus of the puhnounvy artery, hypertrophy and 
dilatation of tive right and left ventricles, chronic myocarditis, venous congestum 
of the organs, artcrioselerotic kidneys, cysts of the kidneys. 


Case 18— S. F. (Sec Case. 1, Stewartc.) This patient was a female, 24 years 
old. The cardiac diagnosis was: Jiliolofimil: acute rhemnatic fever (inactive); 
nimtomical; mitral stenosis and insullieicncy, aortic insnfliciency, cardiac hypertrophy, 
left ventricular preponderance; phnsiolopicAil : :vnricnlnr fibrillation, congestive heart 
failure. The patient had sufTcred from ll attacks of failure. Edema was pre.sent 
and the liver was enlarged. She had been in hospital for many months. The 
administration of digitalis was followed by slight diuresis, but it was not sufficient 
to free the patient of edema. Calcium chloride, 0.1 gm. a day, was given in- 
travenously on 5 days. Eiuresis did not occur. On the sixth da^, the administra- 
tion of (ligitaii, O.P gm., was not followed by a greater diure.«is than had occurred 
on pveviona occasions whciv its adininistvatimv had not been preceded by the in- 
jection of culcium chloride. Tlic clTect of digitalis was allowed to wear off. Cal- 
cium chloride, 0.1 gm. a day, was given on ti days; increase in output did not 
occur. On the eighth dny, digitnn, O.o gm., wns given; slight diuresis occurred. 
On a tiiird occasion when cnlcium chloride, 0.1 gm. a day, w;is given for 2 days fol- 
lowed by digitnn, O.o gm., a change in output likewise did not occur. On a fourth 
occasion, calcium chloride was given in 0,1 gm. do.ses on S days; the volume of 
urine did not increase. Now when on the ninth day digitnn, 0.5 gm., was given, no 
greater output occurred than was expected from giving digitalis alone, 
lu short when calcium chloride was injected intravenously nlonc, diuresis did 
not occur, inicu the injection of calcium chloride was followed by the adminis- 
tration of digitalis the increase in output wns no greater than occurred when 
digitalis was given alone. 


Case 19. — 0. M. The patient was a male, 44 years old. The cardiac diagnosis 
was; FAiological : hypertension, acute rheumatic fever (18 years before), syphilis 
(Wassermann reaction positive); anatomical: niiti-al insufficiency, aortic insufficiency, 
cardiac hypertrophy, left ventricular propoiidernnco ; yhysioloriical : normal sinus 
riiythm, congestive heart failure. Four attacks of heart failure had occurred within 
’2 years. The signs of failure were hydrothorax, ascites and edema. The systolic 
Wood pressure measured 190 mm. of mercury and the diastolic (iO nun. The admin- 
istration of tlieoealcin (Merck) was followed by satisfactory diuresis. AYhon 
iigitan was given in doses sufficiently large to affect the form of the T-waves 
of the electrocardiograms, increase in tJie volume of urine did not occur. When 
le patient was no longer under the influence of digitalis, calcium chloride, 0.5 gm., 
nas injected intravenously. The next day he was given digitan, 0.9 gm., the next 
‘ly .1 gm., ano following day 0.1 gm. Diuresis did not occur. The pa- 

_ leeame free of edema after several months. This end was attained by liinit- 
iu^l intake and by the administration of tlieoealcin and digitalis. Wliilo 

side^^Tfi percussion and rales on auscultation appeared in the left 

photon- fi'OJit. At the same time a .shadow was seen in the x-ray 

creased chest. A diagnosis of tumor of the lung was made. It in- 
later Ti*' and the patient died of carcinomatosis two months 

glands cr. ‘‘iiitopsy was: carcinomatosis of left lung, liver and lymph 

of the' congestion of the left kidney; hydroncphrotic contraction 

1 ney. The heart on gross examination appeared normal. 

of calcium chloride combined with the administration 

gestive 1 ' Tl intravenonsly to 8 patients suffering from con- 
leait iailure, diuresis did not occur except in one instance 
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(Case 12). In this ease tliere is doubt udietlier calcium chloride plaved 
a part in inducing diuresis. 

SUMMARY 

As has already been stated Ave could obtain no evidence by the luetli- 
ods Ave employed that calcium chloride in the doses given influeucecl 
either the force or the extent of contraction of the heart. Further- 
more, AA’-hen it Avas given to 12 patients AAuth edema a diuretic effect 
Avas not obsei’A’-ed. Nor did diuresis occur AAdien the injection of 
calcium chloride Avas combined AAuth the administration of digitalis. 
In one patient (Case 12) in Aidiom the observations Avere not satis- 
factorily controlled, there oeeiuTed striking diuresis Aidien digitalis 
AVas giA'^en tAventy-four hours after the injection of calcium chloride. 
There is reason from a later experience AAdth this patient for thiukiug, 
hoAveA'^er, that calcium chloride played no part in initiating diuresis. 
Increases in output did not occur AAdien calcium chloride Avas given to 
patients AAdio Avere not suffering from congestiAm heart failure. 

t ' 

DISCUSSION 

In only one of our eases did Ave observe, folloAA'ing the intravenous 
injection of calcium chloride, such a striking effect as Singer reported. 
In this instance it is not certain that calcium chloride played a major 
part. In the other cases diuresis did not occur. Most of the patients 
Avere those in AA^hom all the measures employed Avere AAdthout effect in 
remoAdng the fluid from the subcutaneous tissues and serous caA'ities; 
in most instances progression of heart failure continued until death 
occurred. Tavo, hoAvever (Cases 8 and 15), responded i*eadily to other 
drugs (digitalis, theocalciu). We did not- inject doses larger than 
1 gm. Salvesen, Hastings and Mclntosh^'^ haA'^e sIigaadi that if this 
amount of the salt is injected into dogs the amount of calcium in the 
serum of the blood increases 30 to 31 per cent shortly after injection 
and returns to normal four to six hours later. It may he that aaIicu 
this amount of calcium chloride is distributed through the much 
greater Amlume of fluid AAdiich is present in man, that it is so diluted 
as not to raise appreciably the leA’^el of calcium concentration of tlic 
blood. 

That this amount of calcium chloride has an effect on the hearts of 
dogs Avas sliGAAm in our preliminary experiments; in these Ave denion- 
strated that 30 per cent of the calculated lethal dose of digitalis 
AA'hen combined AAdth calcium chloride gaA'^e rise to A'entrieular pic- 
mature contractions, AAdiile 25 iier cent of the calculated lethal dose 
may be injected simultaneously AAdth calcium chloride AAdthout tlie 
aiipearance of premature contractions. We observed no effect, Iioaa 
eA^er, on the heart AAdien 1 gm. of tlie salt (calcium chloride) Aims guen 
to patients, Avhether they Avere or Avere not under the influence o 
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digitalis at tlie time of the injection. Tlierc was no increase in the 
extent of left ventricular contraction, in the force of ventricular con- 
traction and no eft'ect on the heart muscle that could be delected elcc- 
trocardiographically. If doses xvere given to patients comparable to 
those given to dogs, clfccts might have been delected by the methods 
we employed. It did not seem wise, liowcvcr, to inject larger amounts, 
since Singer observed striking results -wben only 0.1 gm. of the salt 
was injected alone or when this amount was combined with extremely 
small doses of digitalis. In the one patient in our scries (Ca.se 12) in 
whom diuresis occurred, it is uncertain, as has already been stated, 
whether this result was connected with the preliminary injection of 
calcium chloride. On a subsequent admission excellent diuresis oc- 
ciuTcd wlien digitalis alone was given. From our experience with 
digitalis and from our present experience with caleinin chloride it 
seems unlikely that calcium chloride played a role in initiating the 
diuresis that occurred. 


CONCLUSIOX.S 

1. Calcium chloride when injected intravenously in man in amounts 
as large as 1 gm. had no effect on the extent of contraction of the left 
ventricle (method of the moxnng x-ray film) j it was without cifoct on 
the force of contraction of the heart (if the number of elfective beats 
in patients suffering from auricular fibrillation is nsed as a criterion) ; 
and it had no effect on the electrocardiograms. These were the results 
whether the patient w-as or was not under the influence of digitalis 
when calcium chloride Avas injected. 

2. The injection of calcium chloride intravenously into patients suf- 
fering from congestive heart failure in doses varying hetAveen 0.1 and 
1 gm. did not result in diuresis. Digitalis did not appear to bo more 
effectiAm as a diuretic in these patients Avhen it Avas combined Avith 
calcium chloride than Avhen it Avas giA'en alone. 
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DiGlTALLS TOLEKANCE OF 


PAT1ENT8 SUFFERING EUIOjM 


RENAL INSUFFICIENCY- 


IlAUObD FElb, AL.D., AKD LlSONAHD StEUEH, AI.I). 
Cleveland, Ohio 


T RB cliuical impression lias been prevalent that patients suffering 
from renal insuffieiency do not tolerate digitalis vvelld’ " It has 
been believed that patients rapidly cumulate the drug and that digi- 
talis intoxication occurs after the administration of small doses. The 
present observations were undertaken to test the validity of this con- 
ception. 

Ten patients diagnosed as having chronic glomerular nephritis ivith 
varying degrees of renal insuffieiency were chosen as subjects for this 
study. All patients were in hospital, and none had received digitalis 
previously during the hospital admission. The diagnosis of chronic 
glomerular nephritis was made on the history of a chronic illness, the 
presence of a secondary anemia, and on the urinary findings (pale 
urine, fixed low gravity, containing albumin, with casts and red blood 
cells). All patients bad impairment of renal, function as indicated by 
the retention of protein metabolites in the blood. The laboratory data 
are summarized in Table I. Electrocardiograms were taken before 


Table I 


patient 


A. M. 

B. L. 
L.B. 
A.C. 
S.H. 
J. A. 
A.B.. 
s. s. 

A.D. 

A.B. 


age 


20 years 
44 " 

41 “ 

28 

G4 “ 
49 “ 
40 “ 
47 “ 
30 << 
35 


P. S. P, 
2 HR. 


OKEA 

MG. 

PER 

100 

C.C. 


17% 

15% 

15% 

23% 

35% 

30% 

7% 

0 


2GS 

157 

259 

3S0 

151 

114 

74 

276 

.341 

3S 


TIKOTUREj 

OF 

digitalis' 

ALTERING 

T-WAVE 


9.3 c.c. 
6.6 c.c. 
S.fl c.c. 

25.0 c.c. 

5.0 c.c. 
9.3 c.c. 

6.0 c.c. 

12.0 c.c. 

12.0 c.c. 


EQUIVA- 
LENT 
DOSE OF 
POWDER 


TIME TO 
FIRST 
CHANGE 
OP 

T-WAVE 


0.93 gni. 
0.66 gm. 
0.8 gm. 
2.8 gm. 
0.8 gm. 
0.93 gm. 
0.6 gm, 
1.2 gm. 

1.2 gm. 


24 Ill's. 
16 In-s. 
48 lirs. 
days 
days 
days 
days 
days 

days 


TOTAL 

DOSAGE 


64.0 c.c. 

20.0 C.C. 

14.6 c.c. 

28.0 C.C. 

26.6 C.C. 

15.3 c.c. 

21.0 c.c. 

20.0 c.c. 

28.0 c.c. 

21.3 c.c. 


SYMPTOMS WITH 
DOSAGE 


None 

Vomited 20.0 
Vomited 14.6 
Vomited 28.0 
Vomited 26.6 c.c 
Vomited 15.3 
Vomited 
None 
None 
None 


c.c. 

c.c. 

c.c. 


P.O 

14.6 c.c. 


wer 8'ii'on. The usual leads were employed, and all records 

tion^ f pftor customary standai’dization of the string. (lutrodue- 
the XJ g 1 cui. deflection.) Digitalis was administered as 

clinical* ■ ^^;*icture of knowir potency and in doses comparable with 

ehospii daily. This dosage was 

_____ ‘ c c I lonally^ heeause Cohn, Fraser, and Jamieson used like 

'■'”'1. Ohio. ® ^ledical Clinic of AA''estern Reserve University at City Hospital, Clevo- 


661 


662 


THE AIMERICAjSr HEART JOURNAL 


amounts in tlieir study of the etfeets of digitalis on the T-AvaA'e (0.4 
gni. dig'ipuratuin daily). The results of this study then can he com- 
pared -with the results of their observations. The physiological effect 
of the drug was noted clinicallj’- (loss of appetite, nausea, vomiting) 
and electrocardiographically (flattening and inversion of the T-wavc). 

RESULTS 

Ten patients with glomerular nephritis were given 1.3 c.e. tincture 
of digitalis three times daily until electrocardiographic evidence of 
digitalization occurred or until clinical symptoms of intoxication were 
noted. The first definite alteration in contour of the T-wave was noted, 
and this earlj'- change was checked with later marked alteration in 
contour. From 6.6 c.e. to 12 c.e. Avere giAmn before the T-avra'c altered. 
In one instance 28 c.e. Avere ghmii before change in the T-Avave oc- 
curred. The total amount of digitalis taken Amried from 14.6 to 64 c.e. 
In the last column is noted the amount of digitalis AA'hich Avas neces- 
sary before nausea or Ammiting occurred. The latter symptoms could 
not he obseiwed in one ease because of the presence of nausea before 
the administration of digitalis. 

DISCUSSION 

The amount of digitalis required to induce intoxication Avas first 
studied by Withering.® He AAumte that “about thirty grains of the 
poAvder or eight ounces of the infusion may generally be taken before 
the nausea eoinmences. ” He gave one to three grains of the powder 
tAvice daily. This observation is one in AAdiieh most clinicians Avill con- 
cur. It AAdll he seen in Table I (last column) that the total dosage 
required to cauSe nausea Amried from 14.6 e.c. to 26.6 c.c. (21.9 to 39.9 
grains). Cohn, Fraser, and Jamieson'* noted that the T-Avave in tlie 
electrocardiogram Avas usually iiiAmrted after the administration of 
digitalis. They noted also a Amriation in the amount of digitalis caus- 
ing this change. With a usual daily dose of 0.4 gm. of digipuratuin 
the first change in T-AvaAm AAms seen as early as from 36 to 48 hours 
after the onset of therapy. The iiiAmrsion of the T-AvaAm in their series 
lasted from 5 to 22 daj^s after the drug had been stopped. In tAA'O of 
our cases the T-AvaAm returned to normal in 12 and in 20 days respec- 
tiA'ely. Bromer and Blumgart® recently noted a great A'ariation in the 
amount of digitalis required to alter the T-AvaAm. 

CONCLUSION 

It Avill he seen that these ten patients AA'ith impaired renal function, 
from moderate to considerable degree, tolerated digitalis aa'cII. Th** 
amounts of digitalis neces.sary to alter the T-Avave in the electrocauho 
gram Avere no less than cardiac patients usually retjuire. Ibis obsci 
Amtion Avas confirmed by clinical CAudence as avoII. 
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THE VELOCITY OP BLOOD FLOW IN HEALTH AND DISEASE 
AS MEASURED BY THE EFFECT OP HISTAMINE 
ON THE MINUTE VESSELS'^ 

Soma Weiss, M.D., George P. Robb, M.D., 

AND Hermann L. Blumgart, M.D. 

Boston, Mass. 

INTRODUCTION 

' I HIE velocity of tlie blood flow is an important eliaracteristic of the 
circulation.^’ - In different individuals under similar conditions 
variations are relativety slight, while in various pathological states of 
the circulation considerable deviations from the normal are present. 
The variations from the normal often parallel the degree of circulatory 
insufficiency. Aleasurement of the velocity of blood flow along the 
important pathways is, therefore, servieeable in evaluating objectively 
the efficiency of the circulation. It is of considerable practical impor- 
tance that measurement of the velocity of blood flow should demand 
little cooperation on the part of the patient. The results of a number 
of methods for the measurement of various aspects of the circulation 
are of doubtful value because their proiier application deiiends upon 
full cooperation of the patient. 

All methods used in the past for the measurement of the velocity of 
blood flow in man consist in the injection of a relatively indifferent sub- 
stance into a peripheral vein and tlie determination of the time elaps- 
ing beUveen the injection and the arrival at another designated part of 
the vascular sy^stem. This arrival time has been determined : A, by tbe 
appearance of the color of the injected substance in the serum follow- 
ing arterial or venous punctures (fluorescein) or B, by registration 
of change in the conductivity in the blood as a result of the arrival of 
an injected electrolyte. Concentrated salt solution has been injected 
intravenously, and an electrode through the skin has been inserted 
next to the radial artery ,■* or into the cubital vein.® The arrival of the 
salt solution in the corresponding part of the vessel has been registered 
with the aid of a galvanometer. G, a third method used for the meas- 
urement of the circulation time is that of injecting a small amount of 
nontoxic radio-active sub.stanee intravenously and detecting its arrival 
in one or several iiarts of the vascular system by specially constructed 
detectors Avhich are sensitive enough to register the direct radiation of 
the active deposit when the latter arrives at the part of the vessel 

♦From the Thorndike Memorial Laboratory, Boston City Hospital, and tlio D<’ 
partment of Medicine, Harvard Jledical School. Boston, Mass. j,-iiii(l 

tThis investigation was aided by a grant from the ■William "W. ■\^ellington 
of the Harvard Medical School. 
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under observatiou.®- ® Each of these methods offers certain advan- 
tages over the others, depending on tlie purpose of the inquiry. 


THE PROBLEM 

While engaged in a study of tlie effect of tlie intravenous adminis- 
tration of histamine on the peripheral part of the vascular system^ of 
normal individuals,'-’ it was observed that the onset of facial flush fol- 
lowed the injection of histamine at a quite defluite and regular inter- 
val, and that the onset of the flush was rather sharp and easily detect- 
able. It was thought that the time interval elapsing between the 
injection into the anteeubital vein and the appearance of the flush 
might express the time necessary for a particle of blood to lorogress 
from the anteeubital vein into the small A'ossels of the face.'"' 

Attempts to measure the circulation time with the administration of 
chemical substances which exert a definite effect on some easily ob- 
served physiological function are few. _Loevenhart, Schmolovitz and 
Seybold” determined the circulation time of the rabbit and the cat 
by injecting sodium cyanide intravenously. Sodium cyanide, as is well 
known, stimulates the respiratory center, and so the period elapsing 
between the injection and the appearance of increased respiration Avas 
used as a measure of the circulation time. The circulation time ob- 
tained by this method in rabbits corresponded closely to that obtained 
with feiTocyanide, hexamethylene tetramine and lithium chloride. In 
cats the reaction time to sodium cyanide was slower than the circula- 
.tion time obtained by the other methods. 

BornsteiW- administered one deep breathful of air containing be- 
tween 5 and 7 per cent of carbon dioxide to normal subjects and to 
patients, and the time interval betAveen the inhalation of the carbon 
dioxide and the appearance of the first deep inspiration was used as an 
expression of the circulation time betAveen the capillaries of the lung 
und of the respiratory center. Bornstein recognized that this method 
A\ as inaccurate and that its application AAms greatly limited by the vari- 
^ ffity in the response of the respiratory center to carbon dioxide in 
nianj pathological conditions. According to him, the circulation time 
0 under such experimental conditions Avas about half of the 

cu la vein to cubital vein circulation time. As far as Ave knoAV, only 
'lor pieliminary reports appeared on these tAvo attempts. 

ea 'U ^ chemical substance AAdiich exerts a definite and 

ta«p f ®^fable change on a bodily function offers the great advan- 

simnlWt measurement of the circulation time because of its extreme 

vpniB H ^ substance for such a purpose the folloAviug pre- 

requisites should be fulfilled: 

^he substance must not be toxic iu the amounts utilized. 

instancet."'^ Harns« administered intravenously small amounts of histamine in a 
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2. Tlie substance sliould not influence tlie velocity of the blood flow 
during tlie first circuit of its flow following tlie injection. 

3. The substance and its elfeet on the body should disapiiear rapidly, 
so that the test can be repeated at short intervals. 

4. The reaction time of the substance after its arrival in the tissues 
where the jiroper changes are expected should be short. 

5. The change in the function of the body which is used as a signal 
of the arrival of the substance should occur both in normal and in 
pathological conditions of the body, and should be detected easily. 

The time ivliich elapses between the injection of a substance and the 
detection of the signal sign (flush, respiratory effect, etc.) includes the 
circulation time, and also the time necessary for the effect of the 
chemical agent to manifest itself following the arrival of the substance 
in the small blood vessels (capillaries). This latter period (the time 
elapsing between the arrival of the substance into the capillaries and 
the manifestation of its action) should be called the reaction time 
proper of a substance. This reaction time is more uniform than the 
“reaction time” which includes the entire period from the time of in- 
jection until the manifestation of the physiological change. Neverthe- 
less, hereafter the term reaction time is used as the time whicli elapses 
between the injection of histamine and the onset of flush as observed. 

PLAN OF INVESTIGATION 

The intensity of the pliarmacodynamic effect of a substance depends 
on the concentration in which it comes into contact ivith the tissues. It 
Avas expected, and found by’’ experience, that the smaller the volume 
and the greater the concentration of the histamine solution injected, 
the more definite and intense ivas the facial flush. The injection of a 
small volume also had the adi’^antage of not changing the blood volume 
in any appreciable amount. The apjAlication of histamine in increased 
concentration ivas limited by its undesirable effect on the body. After 
the administration of relatively large doses, a marked rise in the car- 
diac rate, occasional marked fall in the blood pressure, sensation of 
weakness, headaches, nausea and A’’omiting Avere observed. After so)iic 
experience it Avas found that the sudden injection of 0.001 mg. of 
histamine phosphate per kilogram of body Aveight in a concentration 
of 1 :10,000 or 1 :5000 regularly produced marked flush of the face in 
AAdiite individuals. Almost simultaneously AAuth the onset of flusli, o 
sensation described as “salty,” “metallic,” “electric” is felt in fl>^ 
tongue of the subject. This sensation offers a check for tlie obscrA’ation 
of the color. In the later part of our iin’estigation aa'g used the concen- 
tration of 1:5000 of a solution of histamine pho.sphate, 0.35 e.c. being 
used in an aA'erage man of 70 kg.* The injection AA'as made siuhlenb 


*A11 closes are expressed in terms of histamine phosphate. 
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from a finely gvaclnalod Ijiier syringe. The lime ofi the injection and 
the onset ol* Ihish and la.ste wore regisleved with a slop watch. Good 
diveet daylight facilitated tiie recognition of tiie, ilush. 

To ascertain whether tlie time obtained nnder sne.h an experimental 
condition corresponded to the true circulation time, and to gather evi- 
dence as to whether the procedure was Teasible for ]iractieal applica- 
tion, the following observations were made. 


The reaction times of a large number of normal subjects and of pa- 
tients were studied, and the results were compared with the circulation 
time obtained on another group by tbc radioactive deposit method. To 
compare the results of the two procedures in the same individual under 
identical conditions, the histamine reaction time and the eircnlation 
time by the radioactive deposit method rvero determined .simultane- 
ously in normal persons and in patients with cardiovascular disease. 
To ascertain whether the histamine circulation lime could be repeated 
at short intervals, tests were made on the same individuals at short, 
intervals. To observe the efi'ect of tlie intraveuou.sly administered 
histamine on the circulation, the cardiac rate was measured by electro- 
cardiographie tracings taken during and after the measurement of the 
circulation time. Similarly repealed blood pre.ssure deterniinatious 
were carried out during and after the test. As the pharmacodynamic 
action of histamine ])roduees marked elVects on the small vessels, it was 
important to learn whether the drug exerted any definite efl'ect on the 
pulmonary arterioles, capillaries and venules. If .such an elTeet were 
present, it might alter the circulation, tlie very thing to be measured. 
Direct observations on the efl'ect of histamine on the pulmonary capil- 
laiies of man are not feasible. For this reason direct observations were 
made on the pulmonary capillaries in the cat.’-’ No definite changes 
Rcie observed in the behavior of the pulmonary capillaries. Tn addi- 
tion, the pulmonary circulation time of normal subjects and of patients 
'\<is measured following tlio injection of liistamine. 


UliSKKVATIOMS 


Reaction Tnne of Ilhiaminc in Normal hnlividuah. — ^Ili.stamine 

orTun^nn’ of 0.001 mg. per kg. of body weight in 1:5000 

mal V solntion, was injected into the auteeubital vein of 65 nor- 
dete^'^ the reaction time on the small vessels of the face was 

individuals varied from fourteen to 
reeumbrV^^^'^- with the subjects in the 

tained and cooperation had been ob- 

ii^ciiclcnce of tR f summarized in Table T, according to the age 
Dveen thp p, i normal subjects the reaction time be- 

13 and 30 ^ppo ^ vessels of the face varied between 

of inter est thnni*^’ circulation time was 23 seconds. It is 

me arm to arm circulation time in 53 normal iudividu- 



668 


THE AIMERICAN HEART JOURNAL 


als JneasurecI by the racliiun aetiA’^e deposit nietJiod, varied between ]4 
and 24 seconds; tlie average circulation time Avas 18 seconds.® Tlie 
slightly more prolonged reaction time obtained by the histamine 
method is probably explained by the fact that the histamine method 
measures the time necessary for the arrival of the blood to the capil- 
laries, AAdiile the radioactiAm deposit method measures the time of ar- 
rival of the blood in a large artery (cubital artery). It is knoAAm that 
the blood floAV sIoavs doAA'u considerably in the smaller vessels. E. 
Hering^-' estimated the capillary circulation time to be 5 seconds. 
Koch® obsei’A'^ed in one subject the airpearanee of fluorescein in the 
cubital artery in 10 seconds, AAdiile the dj^e Avas detected in the cubital 
vein in 18 seconds, corresponding to a capillary circulation time of 8 
seconds. We observed CAmn greater difference betAveen the arterial 
and A’^enous circulation times AAdth the fluorescein method.® The time 

Table I 


The Reaction Time of Histamine in Sixta--Five Normal Indiatduals 


age 

NO. OF 
SUBJECTS 

AVERAGE 

HEART 

KATE 

AVERAGE BLOOD PRESSURE 
SYSTOLIC DIASTOLIC 

REACTION TIME 
MINIMAL MAXIMAL 

AVERAOK 

Years 



mm. Hg. 

mm. Hg. 

seconds 

seconds 

seconds 

10-19 

12 

S2 

118 

64 

13 

22 

IS 

20-29 

16 

SO 

116 

72 

14 

30 

21 

30-39 

13 

84 

124 

76 

15 

29 

23 

40-49 

10 

78 

128 

SO 

20 

30 

25 

50-59 

7 

80 

134 

84 

17 

22 

20 

00-69 

7 

84 

138 

88 

21 

27 

25 


AAdiieh elapses betAveen the arrival of histamine in the small facial ves- 
sels and the appearance of flush, may also be a factor in the difference 
betAAmen the results obtained Avith the tAvo methods. It should be re- 
membered, hoAvever, that the t.AVO procedures applied measure the 
circulation time betAveen tAvo different parts of the body AAdiich may he 
different eAmn AAdien measured Avith the same method. 

With the onset of the flush there Avas a subjectiAm sensation of heat 
over the face and tension in the head AAdiich lasted from 1 to 3 minutes. 
There Avas a period of fi’om 15 to 30 seconds after the onset during 
AAdiich the flush increased in intensity. The flush Avas localized over the 
face and neck, the rest of the body shoAAdng a flush in but fcAV instances. 
The total duration of the flush Avas from 12 seconds to 2 minutes. With 
the onset of flush the cardiac rate increased. The duration of increased 
cardiac rate, as a rule, Avent parallel AAdth the duration of flush. Its 
height Avas reached in. about 15 to 60 seconds after the onset of the 
flush. The maximum rise in the heart rate Avas from 15 to 20 beats a 
minute. Blood pre.ssure, as a rule, shoAved but little change during and 
after the flush. A definite fall Avas not obtained. A slight rise of 16 t<^ 
20, mm. Hg., in the .s.A^stolic and diastolic pressures, during and immedi- 
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iitely after the fiusli, bbis observed ireciueiitly. Witli the return of the 
lardiac rate to normal the blood pressure likenuse became normal 
agaiu. Amimber of patients complained of throbbing headaches which 
began 10 to 20 seconds after the onset of the flush and lasted usually 
from 3 to 10 minutes. 

TheBchiion of the Ovaet of the Increased Heart Bate to the Onset of 
The intravenous iniection of liistaniine in the amounts de- 
scribed was ahvays followed by an elevation of cardiac rate. In order 
that the histamine reaction may be used for the measurement of the 
velocity of blood flo’w, it is essential that the very characteristics of the 
circulation to be measured should not change. Although change in the 
heart rate does not necessarily imply change in tlie velocity' of blood 
flow, it is desirable that the increase of the cardiac rate should not oc- 
cur before the onset of flush. Numerous observations indicated that 
the onset of increased cardiac rate was coincident with the onset of 
flush and sensation of taste. In order to study' this aspect of the prob- 
lem in a more exact rvay', the cardiac rate of normal subjects and 
patients suffering from circulatoi-y' failure was registered continuously 
by Lead 11 of the electroeardiograijhic machine. At the moment of 
injection and at the appearance of flush the string of the galvanometer 
was temporarily short circuited. The cardiac rate was registered 30 to 
60 seconds after the onset of flush. Tlie anal.vsis of the records indi- 
cates that in 8 of 14 observations acceleration of the cardiac rate was 
increased wdth or immediately after the onset of flush. In 6 observa- 
tions there wms a slight increase in rate by' 2 and 3 seconds before the 
onset of flush. It is of interest that a number of subjects showed tem- 
porary inversion of the T-wave for from 20 to 60 seconds. This inver- 
sion of the T-wave w'ith the acceleration disappeared as the rate 
returned to normal. 

fhe observation that with the increase of rate there was a depression 
of the T-wave suggests that the increase of rate is the result of the 
effect of histamine on the coronary vessels of tire heart and that this 
Diciease of rate begins simultaneously' with the flush, or 2 to 3 seconds 
before it is noted. 

Repeated Tests in the Same Individuals . — Repeated tests were per- 
oiined on a number of individuals to ascertain the difference in re- 
ed measurements, and to determine how soon the test could' be 
Stpfn lieart rate and in blood pressure sug- 

bisi-j)! • P^^'sistenee of the effect of a single intravenous dose of 

witbirr/ ^ duration, and that the test could he repeated 

Tablp TT Diinutes. Observations substantiated this expectation, 

natipm.. ^ of our findings in normal individuals and in 
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Tlie average variations Avere not more than 2 to 3 seconds. The finch 
ings presented in Table II indicate that the test can be repeated Avithin 
5 and in some cases even AAdtliin 3 minutes. In patients Avith circula- 
tory failure, especially AAdien this is cine to myocardial degeneration 


Table II 


Eepeated Estimation op the Reaction Time op Histamine in the Same Person 


DATE 

NiVME 

AGE 

CONDITION 

PULSE 

HIST. PH. 

PEPv KG. 
OP BODY 

TIME 

REACTION interval 
TIME BETAVEEN 

DIFFERENCE 

BETAVEEN 

REACTION 






AVEIGHT 


REPETITION 

TIMES 








OF TESTS 

If)2S 


(years) 


mg. 

Sec. 

Min. 

Sec. 

4-4 

T. D. 

24 

Diabetes 

70 

0.0010 

20 1 

1 

0 





78 


20 i 

" u 

4-4 

T. M. 

19 

Broncliitis 

68 

0.0011 

17j 

■ 12 






76 

0.0011 

16 i 

i 

4‘4 

T. G. 

IS 

Normal 

72 

0.0011 

is] 

f 






72 

0.0011 

171 

* O 

1 

4-5 

N. F. 

48 

Normal 

78 

0.0003 

23' 

i 11 

0 





76 

0.0008 

23] 





SO 

0.0012 

24 

> 6 

1 





76 

0.0015 

24 


1 





72 

0.0017 

23 ’ 

( 3 

0 

5-22 

A. K. 

28 

Post. Piieum. 

74 

0.0007 

35 

13 






72 

0.0010 

29 


4-5 

P. R. 

63 

Emphysema 

63 

0.0008 

26 


0 






0.0011 

24 



6-16 

R. M. 

41 

Arterial 

84 

0.0010 

28 






hypertension 

86 

0.0010 

30 

3 

2 

4-21 

H. T. 

45 

Aortic 

96 

0.0009 

29 






insufficiency 

104 

0.0009 

28 

6 

1 

4-7 

S. S. 

75 

Arteriosclerosis 

96 

0.0009 

37 

13 

O 





92 

0.0007 

40 


4-13 

iT. F. 

75 

Myocardial 

110 

0.0005 

45 


4 




degeneration 

Auricular 

fibrillation 

104 

0.0008 

49 



5-5 

P. M. 

54 

Myocardial 

degeneration 

100 

0.0011 

59 

11 

17 




100 

0.0011 

42 



5-10 

L. E. 

56 

Myocai’dial 

degeneration 

72 

0.0011 

64 

9 

7 




88 

0.0008 

57 




and arteriosclerosis, the Amriations Avere considerablj'^ higher. The 
duration of the flush, as Avell as the change in heart rate and subjective 
sensation, lasted longer in these patients than in normal individuals. 
We belieA^e that this greater Amriation in the results is due, at least 
partly, to fluctuations in the Amlocity of blood floAV. In patients Avitli 
circulatoiy failure it is aclAusable not to repeat the test Avithin 10 min- 
utes. As the observation on jAatient N. F. indicates, the amount of 
histaniine can Amry considerably AA'ithout change in the circulation 
time. Tlie minimal effecthm dose is about three times smaller tliaii llie 
dose usually applied. 
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8umiltancous Measuvcmcut of the Histamwe Itcaclion Time ami the 
Cimihiion Time ly the JRadioacUve Method— The ineasnreinenls de- 
scribed indicated that the histamine reaction time in normal individu- 
als corresponds closely to the arm to arm cireulalion lime, as measured 
with the radioactive deposit method. For a more definite estahli.sh- 
ment of the signihcance of the histamine reaction time, simultaneous 
measurements with the two methods were performed holh on normal 
individuals and on patients suffering from cardiovascular disease. 
For this purpose the amount of radioactive deposit icfiiiiicd ioi the 
measurement of the circulation time and the histamine were dissolved 


Table III 


CoMrAiusoK or Cii:culation Times as Deteumin'ei) by the Pabiu.m 
jrETUOnS IX NoitMAL I K'DIVIDUALS 


AXB 3Ti.sta.mixe 


DIFEKEXCK 

CIUCULATIO.V TIME OIIICULATIOX TI.ME IIISTAAIIXE BADIUM 
(UADIUM) (niSTAMIXE) CIKC. TIME ClllC. TIME 


NO. 

NAME 

ARM TO 

HEART 

J X 

S 9 

o 

1.4 

o a 

S a 3 

CS < 

o w « 

H D H 
^ O v: 

y< < 

Zi O ^ 

< Irt ' 

w 

. . ^ y**« 

tt < « 

^ ^ -n 
p s 

o 

^ H 

TASTE 
AXD AK-M 
TO ARM 



.«CC. 

.«e(!. 

.«('C. 

.sot;. 

see. 

.«oc. 

POO. 

528 

T. C. 

4.5 

20.0 

24.5 

22 

23 

-2.5 

-3,5 

537 

r. T. 

5.5 

11.0 

10.5 

20 

oo 

+ 3.5 

+ 5.0 

535 

J. K. 

4.0 

7.0 

11.0 

15 

14 

+ 4.0 

+ 3.0 

520 

W. G. 

(i.O 

10.0 

10.0 

21 

20 

■f Jj.O 

+ 4.0 

531 

G. 3\IcG. 

0,0 

13.0 

17.0 

23 

21 

■f* b.O 

+ 4.0 

524 

W. C. 

0.0 

11.0 

17.0 

22 

— 

+ o.O 


536 

B. P. 

n.o 

13.5 

24.5 

.31 

31 

+ (>.5 

• + (i.5 

530 

T. Me, 

4.0 

,0.5 

13.5 

20 

21 

+ (i.5 

+ 7.5 

533 

1). L. 

3.5 

7.5 

11.0 

10 

37 

+ 8.0 

+ ().0 

534 

W. S. 

3.0 

9.0 

32.5 

21 

21 

+ S.y 

+ S.o 


Average 

5.4 

11.4 

10.4 

21.4 

23.1 

+ 5.0 

+ 4.7 


ni the same solution. The concentration of the histamine was less in 
these tests than nsuallj^ used. Botli the venous blood flow to the right 
side of the heart and the pulmonary circulation time were measured 
Bitli the radioactive deposit method. Table III reiiresents the com- 
paiative findings on ten iiornial subjects. Table IV is the sumniaiy of 
tie results obtained on eiglit patients with cardiovascular disease. In 
at dition to tlie reaction time of histamine on the facial vessels, both 
a es include the reaction time on the small vessels of the tongue, as 
c ermined hy the sensation of metallic taste. The two reaction times 
in ^ I'ule, do not differ more than 1 or 2 seconds in normal 

ntivi nals. The flush may become visible slightly before or after the 
rea l-sste. As indicated by Tables III and IV, the histamine 

The filways longer than the arm to arm circulation time, 

^vas circulation time in the ten normal individuals 

second average histamine reaction time was 21.4 

s- he average histamine reaction time, just as observed before, 


Table IV 

Co^rpAiusoN OP CincuLATiON Tijies as Determined by the Radium and Histamine Methods in Cardiac Patients 
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is5 seconds slower than the average arm to arm circulation Ume. The 
average arm to arm circulation time of the seven patients with cardio- 
whir disease Avas 3L9 seconds; the avei-age histamine reaction time 
was 40.9 seconds. The histamine reaction time, therefore, AVas 9 sec- 
onds longer than the arm to arm circulation lime. Thi.s relaliA'e].y 
S-reater difference between the two methods in patients with circula- 
tory failure is not unexi^ected for the hi.stamine reaction lime includes 
(lie circulation time of the small ve.ssels, in which the velocity of blood 
flow is proportionately slow. The dilterence between the hi.stamine 
and arm to arm circulation times of normal individuals and that of 
patients with circulatory failure is about tbc same when the difi erence 
is expressed in percentage of the reaction time. The observations sug- 
gest that the reaction time of histamine coiTCS])onds to the circulation 
time as closely as under the conditions of observation one may expect. 
The findings also indicate that the small vessels of the face react very 
promptly to the action of histamine after it reaches the capillaries. 
The reaction time of histamine bears such constant relationship to the 
arm to arm circulation time that the former can be used for the estima- 
tion of the velocity of blood flow in man. 

After it became established that normal subjects and cardiac patients 
e.vlubit a reaction time with histamine Avhich eorre.spond.s closely to the 
circulation time of the same region of the body, avc undertook the est i- 
mation of the reaction time of patients sufl'ering from various patho- 
logical conditions. 

The Beaction Time of Hisiamive m Palicvis wiih Canliovascular Dis- 
ease. The patients observed were divided into two groups, according 
to wliether or not they were sufl'ering from symjitoms and signs of de- 
compensation at rest at the time of performance of the test. Table V 
pieseiits some of the findings on jiaticnts sufl'ering from eardioAviscular 
nsease other than arterial hypertension, Avithont synpitoms and signs 
0 eongestwe failure. Table VI presents the findings on patients Avith 
'3uiptoms and signs of congestiAm failure. In 13 ])atients snflering 
'oin caidioAmsenlar disease Avithout synpitoms and signs of circulatory 
aiure, the histamine reaction time varied from 17 to 35 seconds; the 

seconds. This corresponds to the average 
^ seconds found Avith the radioactive test in car- 

Ihe ti^ shoAved no symptoms or signs of decomjiensation at 

caunoU ! Tn observations were made.’'” Tlie average vital 
face 'WHi AA^as 3183 e.e. or 1928 c.c. per meter of body siir- 

patients wl of patient H. R., the reaction time of all the 

^ *s A\i an normal limits, although the average reaction time 

normal individuals studied. This 


Wncj V 1 T c*j 

gi'eater than that of the 


active^ the observations made Avith the radio- 

Kimic _• . ’ I'hat cardiac patients Avithout sympitoins and 


signs of circulatory faiflrr 


e may have a normal circulation time, and the 
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vital capacity of tliosc patients may be sliglitly reduced.'' Three of 
tiu; four i)atien1s who shnwcul tihrillation of the auricles showed j-eae- 
(ioa tiiaes witldn norma) limil.s. This rmdin^-' indicates, as observed 
before, tliat tlie velocity of blood How may be normal with total iri'e-ju- 
larity of the heart beat if the function of the myocardium is t?ood. 
Patient C. D. was an intellitrent window washer wlio served in the 
Spaiiisli-Aiiieriean War in 1M!)8 and was tlien diagnosed as siiirering from 
completely irregular pulse. After having a cardiac irregularity for over 
30 years lie walks with inise up 14 flights of stairs without stopping. 
He was admitted to the liospital on account of a minor surgical condi- 
tion. The general reaction ol’ these ])a1ien1s to histamine was the same 
as that of normal subjects. Only one of the patients complained of 
severe headache which lasted 10 minutes. 

The reaction time of histamine in jmlimits with symptoms and signs 
of congestive failure at lime of te.st varied from 21 to 82 seconds. The 
average reaction time was 47 seeond.s. The average arm to arm circu- 
lation time of similar jiatients observed with the radioactive deposit 
method was 38 seconds. The average ditTerenee between the histamine 
reaction time of normal subjects and tliat of jiatients with circulatory 
failure was appro.ximately 100 jier cent. The .same difference was 
found with the radioactive dejmsit method. The average vital capacity 
of patients was 1807 c.c.. or 1007 c.c. when rmlueed to the value for a 
square meter of body surface. Tiiis averagi' vital eajmeity was lower 
than that, of patients with signs of circulatory failure in whom the 
circulation time was measured with the radioactive dei)osit method. 

The lower vital capacity is due jiarfly to the fact that a relatively 
larger number of jiatients observed by the histamine method sulVered 
from .severe congestive failure than those observed before with the 
radioactive dejiosit method. This is also indicated by the fact that 
eleven out of the twenty-six jiatients died, in sjiite of treat.ment, ivithin 
tinee months after the jicrfomnance of the test. The average reaction 
time of the 1] patients who died in the hospital as a result of circula- 
tory failure was 50 seconds. This average reaction time of the jiatients 
Mho died from circulatory failure was not ajijireciably longer than that 
of patients ivho iinjiroved, or ■whose condition remained unaltered. 

0) therefore, did not observe a critical reaction time Avith prognostic 
sioinflcance. As indicated in Table VJ, the prolongation of the reaction 
line Avas not necessarily proportional to the severity of the clinical 
eoncition, thongli a markedly prolonged circulation time Avas ahvays 
ssociated ivith scA^ere circulatory failure, ft is of sjiecial interest in 
^ iniection Avith this statement that jiatient ]\r. L., on Avliom repeated 
js .s were performed 8 hours before his death, had a reaction time of 
hl^-t r seconds. This patient Avas sutTering from syphilitic 

dur paroxysmal dyspnea (cardiac asthma) of one month’s 

a ion. He Avas admitted to the hosjiital 24 hours before his death 
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with symptoms and signs of acute pulmonary edema. Prompt Tene- 
section and strophautliin intravenously improved the patient's condi- 
tion, and he felt comfortable. The next day be suffered from a similar 
attach, from 'which, despite treatment, be did not recover. Post- 
mortem examination revealed syidnlitic aortitis -svith aortic insuffi- 
ciency, vegetative endocarditis, right hydrothorax, pulmonary edema 
and ascites. The clinical behavior and autopsy findings in this patient 
indicated that the death "was due to .sudden failure of the left side of 
the heart. It is suspected clinically that a slight disproportion between 
the function of the two sides of the heart may be of grave consequence. 
It is obvious that in such a type of failure, the velocity of blood fiow is 
not necessarily prolonged, and in the explanation of the death other 
factors than change in velocity must play more important roles. In 
patients with myocardial degeneration the prolongation of circulation 
time is more apt to be proportionate to the severity of clinical condition 
than in patients with valvular disease. This is illustrated by x)atient 
C. H. S., who, as his condition grew worse, exhibited a continually 
inei'easing reaction time (35, 42, 59, 67, 70 seconds). 

It was noted during these observations that several patients ■with 
signs of congestive failure exhibited more marked unpleasant reactions 
to the injections of histamine than normal subjects or patients without 
symptoms and signs of congestive failure. In patients with circula- 
tory failure following the injection of histamine the flush was often 
more intense and of longer duration than in normal .subjects. This 
prolonged and marked flush was e.specially intense in patients who, in 
addition to the myocardial degeneration, exhibited clinical e'ddence of 
emphysema of the senile type. In patient T. W., for example, who bad 
.shown definite evidence of emphysema including an inspiratory restric- 
tion of the lower ribs (Hoover’s sign), there was a flush of the face 
which lasted for 6 minutes following the intravenous injection of 0.001 
mg. of histamine per kg. We have ncA'cr observed in normal subjects 
a flush of such long duration following a .single .similar intravenous 
dose. It is of great intere.st that 10 of the patients of this group, in 
contrast to normal subjects and to the other grouj? of patients with 
cardiovascular disease, without e\fidence of decompensation, developed 
dyspnea of 2 to 3 minutes’ duration. The type of dyspnea varied. In 
some of the patients it was predominantly expiratory and wheezing. 
Three patients, prior to the admini.stration of histamine, showed a low 
diaphragm which moved but .slightly under the fluoroscope, and an 
inspiratory restriction of the lower ribs (Hoover’s sign). After his- 
tamine they developed a temporarily accentuated Hoover’s .sign. We 
are unable to state -with certainty whether the re.strietion of the dia- 
phragm was the result of associated emphysema or whether it was 
caused by the dyspnea as a result of the circulatory failure, for ''ve 
believe that an in.spiratni-y restriction of the lower ribs can be caused 
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by other types of dyspnea than that due to emphysema. Several of the 
patients who developed dyspnea of short duration after histamine have 
shOAvn no evidence of emphysema, but they have suffered previously 
from paroxysmal nocturnal dj^spnea (cardiac asthma). One of the 
patients Avho showed the most marked reaction following the adminis- 
tration of histamine was a .young man (E. R.) 30 years old, who was 
suffering from rheumatic heart disease with signs of aortic insufficiency 
and mitral stenosis. He was given an intravenous injection of 0.0008 
mg. of histamine phosphate per kg. About 14 to 20 seconds after injec- 
tion there was a gradual!}^ increasing dyspnea, and the patient had to 
sit up. There was both inspiratory and expiratory difficulty. The 
cl3’sp3iea lasted for 5 minutes. When 0.2 e.c. of epinephrin of 1 .-3000 
was given b.y vein, the patient received instant relief. The vital capac- 
ity changed from 3500 e.c. to 1500 e.c. even shortly after the dyspnea 
was relieved. The lowered vital capacity graduallj'- became normal 
after the administration of adrenalin. It is of interest that this patient 
was readmitted two montlis later because of severe attacks of nocturnal 
dyspnea. Tliis patient showed an increased sensitivity to histamine. 
Histamine in this and in other cardiac patients produced dyspnea simi- 
lar to that observed in patients with acute bronchitis, asthma and pul- 
monary emphysema. That dyspnea in these patients with cardiovascu- 
lar disease was not due to peripheiml dilatation of the vessels is shown 
by the fact that the change in blood pressure was not more marked 
than in other patients without dyspnea. But the most weighty evi- 
dence against the dj'^spnea being of peripheral origin is the observation 
that in a number of patients the dyspnea started at about the half 
period of the histamine reaction time. In these patients it is probable 
that the dj^spnea was due to sensitivity of the pulmonary structures to 
histamine. The fact that adrenalin relieved the dj^spnea favors the 
conception that the dj^spnea in these eases Avas due to the sensitivity 
of the smooth muscles of the bronchioles to histamine. Whether in 
otlier patients in Avhom the dj'^spnea started after the elapse of the 
reaction time, pertyheral dilatation of the coronary or other vessels 
jdayed a role cannot be stated Avith any certainty. The test .should not 
he applied in patients Avith evidence of coronaiy disease. In order to 
avoid unpleasant reactions in patients AAuth myocardial degeneration 
and dyspnea small doses of 0.005 mg. Avere given first and only Avhen 
no reaction to such a dose Avas noted Avas the amount increased. 

The Histamine Reaction Time in Patients With Arterial Hyperten- 
sion. — This group of patients, Avith the exception of patients I. M. and 
S. Z., AA-^ere ambulatoiy and Avere Itying a normal life. With the excep- 
tion of these tAvo patients all had subjective complaints only. All the 
amhnlatoiy patients shoAved reaction times AAdiich Avere Avithin the lim- 
its of normal. The tAvo patients Avho exhibited a prolonged reaction 
time Avere hospitalized, and in addition to the hypertension they exhib- 
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itecl symi^toms aud signs of marked cardiovascular changes. The find- 
ings presented in Table VII are again in harmony "with the observations 
made before,^® that the velocity of blood flov' is within the limits of 
normal or slightly prolonged in patients with arterial hypertension but 
without circulatory failure. The average blood pressure was 187/118 
mm. The average circulation time Avas 26 seconds. The aA^erage circu- 
lation time of the nine patients Avho Avere ambulatory and able to 
attend Avork AAms 23 seconds, AAdiich is the aA^erage circulation time 
observed in normal subjects. 

The TList amine Reaction Time in Patients With Pulmonary Emphy- 
sema. — The six patients studied in this group suffered from such severe 
Aveakness and dyspnea that they Avere confined to bed. Chronic bron- 
chitis and attacks of bronchial asthma Avere etiological factors in the 
production of the emphysema. The scAmrity of the respiratory disturb- 
ance Avas so marked that four of the patients have shoAvn marked eya- 


Table VII 

The Histamine Eeaction Tijie op Patients With Arterial Hypertension 


NAME 

AGE 

HEART 

RATE 

ARTERIAL BLOOD 
PRESSURE 

SYSTOLIC DIASTOLIC 

HISTAMINE 

INJECTED 

REACTION 

TIME 


Years 

per min. mni. Hg. 

mm. Hg. 

mg. per Kg. 

seconds 

S. M. 

40 

70 

174 

110 

0.0006 

17 

V. H. 

45 

100 

210 

130 

0.0005 

19 

F. L. 

SO 

SS 

188 

114 

0.0009 

20 

F. G. 

35 

96 

170 

104 

0.0000 

20 

F. G. 

35 

90 

164 

104 

0.0004 

20 

B. L. 

59 

84 

190 

130 

0.0010 

21 

J. G. 

5(5 

104 

210 

138 

0.0012 

21 

J. G. 

oG 

lOS 

210 

140 

0.0010 

22 

J. G. 

oG 

lOS 

190 

132 

0.0012 

22 

J. G. 

5(5 

104 

168 

120 

0.0012 

23 

J. G. 

56 

92 

150 

108 

0.0012 

24 

II. D. 

65 

SO 

1.94 

108 

0.0011 

2(5 

ir. D. 

65 

84 

182 

100 

0.0000 

20 

M. F. 

04 

90 

190 

98 

0.0011 

20 

•M. F. 

64 

90 

200 

100 

0.0008 

31 

A. T. 

41 

84 

215 

125 

0.0010 

28 

A. T. 

41 

80 

1225 

135 

0.0010 

30 

J. M. 

on 

80 

- 

- 

0.0011 

30 

R. A. 

71 

104 

ISO 

120 

0.000(5 

40 


nosis OA'er the face and mucous membranes. All jiatients exhibited, in 
addition to the signs described in Table VIII, a Ioav diaphragm Avith 
slight excursion, hyperresonant percussion notes, obliteration of the 
cardiac dullness, and numerous rhonchi and iTdes. As indicated in 
Table VIII, the reaction times Avere Avell Avithin the limits of normal, 
Avith the exception of patient Th. W. The average reaction time Avas 
26.4, slightly aboA'e the average of normal reaction times. If Ave ex- 
clude the last patient, aa'Iio .showed marked prolongation in the blood 
floAV, the aA'erage reaction time is 24 seconds. In these patients Avith 
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pulmonary empli 3 -sema, therefore, although the vital caijaeities per 
square meter of body surface were apijroximatelj" the same as those of 
patients with extreme severe circulatory failure, the velocit}^ of blood 
flow was within normal limits. The ph 3 ’'sieal disability in these patients 
was due, therefore, primarilj’- to the failure of the respiratory function 
of the lungs. In emphj^sema with eoniplete disabilitj’-, the A^elocity of 
blood flow through the lungs, as observed before, may be normal. In 
some instances decrease in the velocity of blood flow maj' occur if there 
is also cardiac failure. The significance of the normal velocity of 
blood flow in patients with pulmonary emphj’sema was pointed out in 
a irrevious communication.'^^ 

All patients with emph 3 'sema, bronchitis and bronchial astlima 
showed temporarily increased d 3 ^sj)nea with the appearance of symp- 
toms and signs of bronchial asthma after the administration of histam- 
ine. The d 3 ’-spnea was transient. It was also noted that patients with 
emirlysema exhibited an unusualty prolonged facial flush. 

The Histamine Reaction Time in Patients With Clinical Evidence of 
Hyperthyroidism. — The rapid heart rate, the rvarm skin, the results of 
direct capillary observation, the high basal metabolism, all suggest that 
the velocity of blood florv is rapid in patients with increased thyroid 
secretion. Liljestrand aird Stenstrom'® found an increased minute vol- 
ume output of the heart in patients suffering from h 3 'perth 3 U’oidism. 
Table IX presents a correlation between the pulse rate and the rate of 


Table IX 

The liisTAstiNE Reaction Time in Patient.s ■With HYPEnTiiYROiiasM 


NAME 

AOE 

HEART RATE PER MIN. 

REACTION TTJIE 


Years 


SecoRfls 

M. C. 

23 

104 

9 

E. B. 

32 

124 

9 

J. H. 

3fi 

120 

11 

J. II. 

36 

134 

12 

W. F. 

3S 

94 

No reaction 

W. P. 

38 

— 

15 

y. F. 

38 

— 

16 

W. F. 

38 

79 

15 

J. H. 

30 

132 

19 

J. H. 

36 

128 

22 

D. II. 

54 

108 

24 

B. ir. 

54 

108 

27 


the metabolism and histamine reaction time. As expected, the veloeily 
of blood flow was increased in all the patients except in patient D. H. 
The average reaction time was 16.3 seconds, which is 29 per cent lower 
tlian the average circulation time of 23 seconds in normal subjects. 
The increased velocity of 29 per cent corresponds closety to the aver- 
age rise of 35 per cent in the basal metabolism. A correlation between 
the increase in cardiac rate, basal metabolism, and reaction time was 
not present in a given patient. 
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The duration of flusli was sliort. Otherwise, the reaction of the 
patients to histamine was the same as that of normal subjects. 

The Hist(nnhw 'RcncUon Time in Paiicnis With Pernicious Anemia . — 
It was expected that the determination of the liistamine reaction time 
by the appearance of the flush might be difficult in patients with 
iiiarked anemia. It Avas found that several patients with a severe 
degree of primary anemia shoived no definite flusli from liistamine. 
Several of these patients could indicate the reaction time from the 
sadden appearance of metallic taste in the tongue. We could not es- 
tablish a definite lev^el of hemoglobin or red cell count below Avhich the 
flush cannot he determined, and it is possible that the reaction of the 
capillaries and other small vessels may be altered in pernicious anemia. 
This possibility is suggested by the fact that at times the appearance 
of slight facial flush may be the earliest indication of the approaching 
remission, and it may appear without any increase, or even with a de- 
crease, in the hemoglobin or red cell content of the blood. 

Seven, patients, in whom we succeeded in determining the histamine 
reaction time, both by flu.sb and by the appearance of taste in the 
tongue, are presented in Table X. The average hemoglobin content of 


Table X 


Tur Kkaci’Iox Time ik Patients Wrni F'euxicious Anemia 


name 

AC!E 

IIEAKT RATE 

UKl! .MIX. 

KEB BLOOP CELLS 

I.V ..AriLIUON.S 

UEACTION TIME 

S. L. 

Year.s 

5S 

104 

O 

ci 

Sccoluls 

9 

J. P. 

53 

S4 

— 

10 

P. N. 

(i-i 

GS 

3.20 

10 

M. A. 

55 

f)2 

1.34 

11 

H. O’X. 

70 

84 

.3.40 

15 

Iv. M. 

P. C. 

GO 

DG 

l.IO 

IG 

G.3 

SO 

1.70 

10 


the blood Avas 38 per cent, that of the red cell content 2.23 millions, 
^iid the average reaction time 11.5 seconds. The aAmrage Amlocity of 
blood floAv was tAAoee as rapid as in normal indiA'iduals. The increase 
A'elocity of blood floAv is proportional to the decrease of red cell 
count and hemoglobin. 

The Histamine Reaction Time of the Human Brain Yesscls . — The cir- 
ca ation time of different parts of the body may be different. In ani- 

St^ ^ bime of different organs Avas measured by G. N. 

^^^eu art.^® In man it Avas shoAvn by us that the circulation time of the 
t]iia Aessels of the upper arm and elboAV is approximately the same as 
oiui^ ^befaee and tongue. During a study of the effeet of histamine 
le small vessels of flic human body,'-'" it Avas observed tliat folloAving 
sue den intravenous injection of small amounts of liistamine the 
laspmal pressure shoAved a sudden rise which lasted betAveeu 1 and 
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3 minutes. In tAvo patients suffering from brain tumor it Avas also ob- 
sei'A'ed during operatiA'C exposure of the brain that 0.001 mg. per kg. 
of histamine caused a flushing of the surface of the brain. "With the 
onset of this flush the A'olumc of the brain shoAved slight increase and 
a marked increase in the pulsation. AD of tliese changes lasted about 
90 seconds. Prom these and other obserA-ations preAUOusly reported, it 
AArns considered that the small Amssels of the brain AA'ere A’ery sensitWe 
to histamine. The period AAdiieh elapsed betAA-een the injection and 
onset of a rise of pressure indicated at once that this must eorresiAond 
to the circulation time from the arm to the brain. In a group of 
patients suffering from Amrious neurological conditions, in Avhom the 
performance of spinal fluid pressure determination Avas necessary from 
a diagnostic or therapeutic point of aucaa^ a small dose of histamine 
(0.001 mg. per kg. or less) AA’^as injected. A small glass manometer Avas 
connected AAdth the spinal needle, and the moAmment of onset of the 
rise in spinal pressure AAms determined. (It is essential that fluid 
should not be lost prcAdously to the injection of liistamiue.) The time 
of onset of the rise AAms then compared Avith the time of the onset of 
flush AAhich AAms noted by another obserA'er. Table XI sIioaa’s the find- 
ings in subjects in AAhom the liistamiue reaction time from the rigid 
elbGAA-^ to the face and to the brain respectiA'ely Avas measured simulta- 

Table XI 


COStPARISON OF THE IIlSTAJIIKE REACTION TlME FRQAI ARM TO FACE AND ARJI 

TO Braik 


NAME 

AGE 

HEART 

DIAGNOSIS RATE 

per AIIN. 

BLOOD pressure 
SA^STOLIC DIASTOLIC 

ARM 

TO FACE 
REACTION 
TIME 

ARM 

TO BRAIN 
REACTION 

time 


Years 



mm. Hg'. 

mm. Hg. 

Seconds 

Seconds 

P. D. 

19 

Epilepsy 

110 

114 

84 

13 

12 

M. Cr. 

22 

Syphilis 

112 

110 

84 

15 

15 

R. S. 

57 

CeiTical rib 

84 

100 

64 

17 

16 

E. S. 

53 

Alcoholic neuritis 

SO 

140 

90 

16 

17 




84 

132 

88 

19 

IS 

C. K. 

IS 

Multiple sclerosis 

90 

120 

65 

19 

17 

0. B. 

24 

Epilepsy 

GS 

108 

78 

IS 

19 

X. J. 

52 

Epilepsy 

100 

120 

90 

20 

20 




90 

116 

78 

IS 

19 

C. L. 

53 

Syphilis 

76 

136 

76 

21 

21 

R. B. 

30 

Chronic 

80 

126 

SO 

26 

26 



enccptalitis 







neously. In the patients presented in Table XI, as Avell as in many 
others, it AA-as striking to obserA'e Iioaa- closely the reaction time of the 
face and A-essels of the brain coi’responded. The maximum difference Avas 
not more than tAA'o seconds. The aA'erage reaction time of the brain 
and that of the face of the same indhudual under identical conditions 
Avas 18 seconds. Prom the foregoing it is eAudent that the circulation 
times of the brain and of the face are identical. The aA’cragc reaction 
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time ill these pcatieiits was sliorter than that of tliosc included in Table 
I Tlie difference is probably due to the fact that tlie patients were 
excited as a result of the perforinance of spinal puncture. 

Av Aiicmpt io EHiimaie the Vclooiiy of the Arterial and Venoas 
Blood Flow. Sc’paraichj. — attempt xvas made to estimate the arterial 
and the venous portions of the circulation between the elbow and face 
bv deterniining the histamine reaction time of normal subjects and 
allowing the same individuals to inhale deeply and rapidly a single 
breathful of amyl nitrite vapor through a small rubber cone. The time 
between the end of the inhalation and the appearance of flush should 
correspond to the time necessary for a particle of blood to travel from 
the puhnoiiary capillary through the pulmonary artery and through 
the arteries after leaving the heart. The distance of these arterial 
vessels corresponds to the distance travelled from the elbow to the cap- 
illaries through the venous vessels. It was found, however, that a 
imniber of subjects do not respond with as marked and easily recogniz- 
able a flush to amyl nitrite as they do to histamine. In the few sub- 
jects in whom definite reactions were obtained, the time xvas about half 
of that obtained with histamine, and about the same as reported by 
Boriistein’- following the inhalation of carbon dioxide. Assuming that 
the diffusion of amyl nitrite is instantaneous through the pulmonary 
capillaries, it would follow that the circulation time of the arterial (pul- 
mouaiy vein and peripheral arteries) and venous portions (peripheral 
vein and pulmonary artery) is about the same. In analogy with the 
knowledge of the relative diameters of the aorta and vena cava and the 
respective velocity of blood flow in them it would follow that in the pul- 
monary Vein the blood flow velocity must be twice as slow as in the pul- 
nionaiy artery. As the reaction to amyl nitrite was not definite in a 
larger number of subjects, the problem was not considered as settled. 


DISCUSSION 

In outliuiiig the piroblem of this inve.stigation it was stated that in 
order to be applicable to man, the histamine method should fulfill a 
number of requirements. In light of our experience histamine fulfills 
these prerequisites in the following way : 

!• During observations on over 200 patients, no serious effects were 
0 served. In a number of patients who suffered from circulatory 
aune with emphj'-sema, bronchial asthma and bronchitis, attacks of 
<^Jspnea, were precipitated. It was observed that the respiiratoiy 
nrecianisins of these patients were hypersensitive to the effect of his- 
tamine, and, therefore, in later observations the first dose injected was 
^ of the usual dose. Only if rmpleasant side effects ivere not ob- 
Sev ^ small dose, was the second, larger, dose administered, 

^^aveial of the patients studied complained of pulsating headache and 
causation of weakness of a few minutes’ duration. 
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2. Histamine does not influence appreciably^ the velocity of blood 
flow during tlie first circuit of tlie blood, following the injection. This 
is supported by the finding that the acceleration of the pulse starts just 
before or after the appearance of the flush. That histamine does not 
increase the Amlocity of blood floAV before the appearance, of flush is 
supported by the finding that the histamine reaction time is slightly 
longer than the circulation time. 

3. Kepeated tests on the same person, as well as disappearance of 
the histamine effect, indicate that its effect in the body lasts but a 
short time, and therefore the test can be repeated at short intervals. 

4. The close corresipondenee between the circulation time and the 
histamine reaction time also indicates that the minute vessels dilate 
promptly after the arrival of the histamine. 

5. The appearance of the flush is definite enough to make it pos- 
sible to estimate the circulation time of normal subjects, and patients 
with varied pathological conditions. 

Comparing our experiences with the histamine, the radioactive, and 
the dye methods for the estimation of the velocity of blood flow in 
man, we feel that the histamine method offers certain advantages, espe- 
cially in so far as its use in the clinic is concerned, over the other 
methods. The advantages of the histamine method over the radio- 
active deposit method are as follows : 

1. Its use is simple, requiring no complicated apparatus and technic. 
With slight skill it can be performed by anybody with the aid of a 
stop watch, 

2. The expense of the test is minimal, and histamine is easily available. 

3. The test can be repeated every five to ten minutes, while the radio- 
active method, on account of the persistence of activity, can be re- 
peated only at three-hour intervals. 

4. The test can be performed at the bedside, while in the radioactive 
method the patient has to be moved to the instrument. 

The disadvantages of the method as comi)ared with the radioactive 
method are as follows : 

1. The radioactive method is objective and more exact. It makes 
possible the measurement of the Amlocity of blood flow of several areas 
of the body simultaneously, including important circulatory areas 
(pulmonary circuit), the circulation time of which cannot be measured 
with histamine. 

2. )Short unpleasant reactions observed occasionally after the ad- 
ministration of histamine are not present after the intravenous admin- 
istration of radioactive deposit. 

3. In colored and anemic people the histamine test cannot be applied. 

In comparing the histamine method with the dye methods, we feel 

that the histamine method is more exact, the technic simpler and less 
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disturbing to the patient. Furthermore, it can be performed by one 
person. 

The nsc of the intravenous administration of iiistamine for the esti- 
mation of the velocity of blood flow serves a useful clinical purpose 
if it is applied with care and the results are interpreted with proper 
critiejue. The variation of the results is not greater than may be ex- 
pected from the best biological methods wliicli are influenced bj" simi- 
lar variables. Mucli significance should not be attached to slight 
' variations in the circulation time of the same or of dill’crent patients. 
Marked variations in the circulation time are of special practical sig- 
nificance in the difl’erentiation of myocardial insufliciency from em- 
pliysenia, on the one hand, and circulatory insufficiency from nephritis 
with edema, on the other. In such patients the estimation of the 



Pig:. 1. — Tiic lil.'itamliif! reaction time in lioaltli and in ili.'^oase. 


velocity of blood flow with histamine is a useful aid in the clinical 
evaluation of the condition. 

In addition to the vessels of the face, it has been shown that the 
''es.sels of the human brain are sensitive to the action of histamine. As 
a result of the intravenous injection of histamine, flushing of the sur- 
aee of the brain due to dilatation of the minute vessels occurs. Co- 
flush there is a .swelling and increased pulsation of 
rain, and the cerebrospinal fluid xiressure shows a steep rise. The 
maximum within 15 to 40 seconds, and similarlj’' to 
acial flush, reaches the normal level Avithin three minutes. A very 
aiid'tl been found betAveen the time of onset of the flush 

it intracranial pressure. The procedure, therefore, makes 

estimate the Amlocity of blood flow from 
itiarily chosen point to the small vessels of the brain. 

Avas made to separate the circulation time of the venous 
®^ial blood from elbo.AV to face. The amyl nitrite inhalation, as 
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well as the observation of Bornsteiii with CO, inhalation, indicates 
that the time from the ea 2 )illaries of the lung to the face is about the 
same, or slightly less than that from the elbow to the pulmonary capil- 
laries. As anatomical and physiological considerations indicate that 
the velocity in the large perijiheral Amins is about half that of the 
large peripheral arteries, it folloAvs that the Amlocity of the blood flow 
in the pulmonary artery is also about twice that of the vein. It Avas 
obsei’Amd preAuouslj’' that aAmrage circulation time of the peripheral 
venous flow is 6.7 seconds ; the pulmonary circulation time 6.5 seconds ; 
the actual loss of time in the heart is 1 to 2 seconds ; the arm to arm 
arterial circulation time is 18 seconds ; the arm to capillary circulation 
time is 23 seconds. It folloAvs from these data, that the capillary circu- 
lation time is 5 seconds, the circulation time of the pulmonary artery 
2.1 seconds, and that of the pulmonary Amin 4.2 seconds. 

The average prolongation of the Amloeity of blood flow in patients Avith 
symptoms and signs of circulatory failure Avas about 100 jDer cent above 
the average normal Amloeity. A number of patients Avith severe myocar- 
dial failure haAm shoAvn a prolongation of OAmr 200 per cent aboAm the 
average normal circulation time. While in jDatients Avith myocardial 
failure without valvular damage the more prolonged circulation time 
Avas associated Avith severe circulatory failure, no definite prognostic 
value can be attached to the circulation time. The average circulation 
time of 11 patients Avho died as a result of severe circulatory failure 
Avas not markedly different from that of the other gToup of 15 patients 
AAdio either recovered or Avere unimproAmd three months after the test. 
Occasionally severe derangement of the circulation may be ijresent 
Avith normal or only slightly prolonged circulation time. Such a con- 
dition may exist Avhen slight disioroportion betAveen the function of the 
tAvo sides of the heart is present, a condition Avhich occurs probably 
more frequently than is noAV recognized. In luetic aortic insufficiency 
the myocardium of the left ventidcle may fail functionally as a result 
of fatigue, AAdiile the intact musculature of the right chambers con- 
tinues to throAv blood into the lung. That such a condition may soon 
lead to serious consequences is evident. 

The fact that circulation time may be of A'^alue in differentiating 
A^entilatoiy and circulatory insufficiency, is of gTeat significance, for 
tlie tAVO conditions haAm many common characteristics, and they offer 
great differential diagnostic difficulty. This difficulty becomes even 
greater because pulmonary emphysema and circulatory failure may 
often be present in the same indiAudual. In such patients the simul- 
taneous measurements of seAmral characteristics of the circulation, .such 
as of the Autal capacity, circulation time and Amnous pressure, Avill be 
a useful aid in the estimation of the tAvo conditions. 

Patients AAuth hyperthyroidism and severe primary anemia have 
shoAAui considerable increase in the Amloeity of blood floAv. The increase 
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was especially inavkecl in patients with pernicious anemia. In patients 
with hyperthyroidism no definite rclationsliip was observed by this 
iiietliocl in the individual cases between the velocity of blood flow and 
the rise in basal metabolism. 

We attach significance to the observation tliat small amounts of: 
histamine may precipitate an attack of dys])nea of short duration in 
patients with bronchitis, bronchial asthma, and emphysema, as well as 
ill certain patients with severe myocardial failure who sufl'er from 
typical attacks of cardiac asthma. The observation of the identical 
reaction in patients suffiering from two diseases suggests that the 
inechanisni of paroxy.smal cardiac dyspnea, at least in one group of 
cardiac patients, may be similar to the dyspnea of bronchial asthma 
ill which it is recognized that the bronchial musculature is sensitive to 
histaiiiine. The suspicion that in a grouji of people with myocardial 
damage the changed state of the bronchial muscles, or the disturbed 
meclianisin of the histamine plays a role in the precipitation of at- 
tacks of dyspnea may be understood in the light of recent knowledge 
on the fate and role of histamine in the body.-'’ 


SUJniABY AND CONCBUSIONS 


1. The intravenous administration of histamine phospliate in amounts 
of 0.001 mg. or less per kg. of body weight in solution of 1 :5000, or 
1:10,000, causes a dilatation of the minute vessels of the face and of 
the brain with regularity. 

2. The reaction time of histamine between the site of intravenous 
nijection and the vessels of the face and brain can be estimated with 
an average variation of two seconds. 

3. Estimation of the histamine reaction time in normal subjects and 
ni patients with various pathological conditions simultaneously'- with 
ceteimination of the circulation time by the radioactive method indi- 
cate, s that the histamine reaction time is a measure of the velocity of 
Wood flow. 


• The observations reported in this study confirm the conclusions 
pieiiously expressed on the significance of the circulation time in 
lea 1 1 and disease, as measured by the radioactive method. 

13 ^ iioi’inal subjects the histamine reaction time varied between 

an 30 seconds, the average reaction time being 23 seconds between 
^ antecubital vein and the small vessels of the face, 
cubit ? subjects the histamine reaction time between the 

Seconal small vessels of the brain varied betwmen 12 

'1 seconds, the average reaction time being 18 seconds, 

the V 1 • ^ again observed that in compensated cardiac patients 
inpati^^t^^ fllood flow may be within limits of normal, while 

tion symptoms and signs of circulatory failure a prolonga- 


over 200 per cent may be present. 
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(b) 111 patients with circulatory failure the circulation time varied 
between 21 and 82 seconds, with an average of 47 seconds. 

(c) The average liistaniine reaction time of 11 patients who as a 
result of circulatory failure died within 3 months following the test 
Avas 50 seconds, as contrasted Avith 45 seconds, the average reaction 
time of patients Avith seA^ere circulatory decompensation Avho either 
improA^ed or shoAved no change Avithin three months after the test. 

(d) In failure of the left ventricle associated Avith pulmonary edema, 
such as occurs in diseases of the aorta, signs of severe circulator}’- fail- 
ure may be present Avitli normal or only slightly prolonged circulation 
time. 

(e) In a group of patients AA'ith cardiovascular disease but AAdth no 
symptoms and signs of eirculatoiy failure at rest and moderate exer- 
cise, the A’elocity of blood floAv Avas normal, but the A’ital capacity Avas 
slightly reduced. This fall in the A'ital capacity before the sloAving of 
the A’elocity of blood floAV, confirms the conception expressed before, 
that in progressive circulatory failure athe pulmonary A’aseular bed 
may shoAV change before there is a detectable change in the velocity 
of blood floAv, and that the sloAving of the velocity of blood floAv pre- 
cedes the rise in the venous pressure. During progressive improvement 
of the circulation the change in these characteristics of the circulation 
is reversed. 

8. A markedly prolonged circulation time Avas ahvays associated Avith 
severe circulatory failure, but the reverse Avas not ahvays true. 
Changes in the velocity of blood Aoav do not necessarily have prog- 
nostic significance. 

9. It Avas shoAA’n again that the velocity of blood floAV in patients 
Avith essential arterial hypertension, but Avithout eirculatoiy failure, 
and in emiihysema, is normal. 

10. In anemia and hj'perthyroidi.sm the velocity of blood fioAv is 
considerably increased. The aA’erage velocity in a group of patients 
Avith hyperthyroidism Avas proportionate Avith the aA’erage increase in 
basal metabolism, but a similar relationsbip in individual cases Avas not 
ahvays obsei'A^ed. 

11. Among the pathological conditions studied, the velocity of the 
blood fioAV Avas most increased in pernicious anemia (double of the 
normal rate), and the decrea.se Avas greatest in severe circulatory fail- 
ure (lialf of the normal rate). The difference betAveen the velocity 
of blood floAV in a given case of pernicious anemia and a severe circula- 
tory failure Avas ninefold. 

12. Patients Avith bronchitis, bronchial asthma, pulmonary emphys- 
ema and severe myocardial failure may shoAv temporary dyspnea as- 
sociated Avith signs of bronchial spasm folloAving the intravenous ad- 
ministration of histamine. In these cases the test should be applied 
cautiously; half of the dose (0.0005 mg. per kg.) should be given intra- 
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DISTORTION OP THE BRONCHI BY LEFT AURICULAR 

ENLARGEMENT- 

J. Murray Steele, Jr., M.D., akd Ralston Paterson, M.D. 

Chicago, III. 

' I 'HE effects of the enlargement of the left auricle on the structures 
of the mediastinum, which follow upon long-standing mitral dis- 
ease have been known for a long time, and have been repeatedly 
demonstrated; but the value of detailed x-ray and fluoroscopic study 
in all cases suggestive of mitral disease does not seem sufficiently well 
realized. There are three separate items worthy of investigation: the 
study of the outline of the enlarged chamber itself, the study of 
esophageal displacement, and the study of bronchial displacement. 

The anatomical localization of the left aiu'icle and its proper rela- 
tionship to other structures within the chest is the most imiiortant 
factor in the explanation of the phenomena following its enlargement. 
Jaffe^ and GroedeP have investigated the position of the auricle by 
x-rays and anatomical dissection, and Stoerk® has reviewed the anat- 
omy ill the cadaver, bringing forward new points and emphasizing the 
important features of the relation of the bronchi and esophagus to 
the left auricle. 

First of all the left auricle is the uppermost chamber of the heart 
and lies almost directly posterioi*. Just above it is the bifurcation of 
the trachea; indeed, the left main bronchus normally rests upon it for 
a short distance. The esophagus passes behind the left auricle and is 
contiguous with the pericardium overlying it for a distance of several 
centimeters of its course. 

Since the auricle lies posteidorly instead of on the left side of the 
heart as its appellation designates, it may enlarge as well to the right 
as to the left, and its proximity to the main bronchi and the esophagus 
should easily lead to disarrangement of these structures in the course 
of enlargement. 

Enlargement of the auricle to the right was first brought to notice 
by a report of Owen and FentoiF in 1901. In this case there was such 
massive dullness to the right of the midline that pleural efi’usion was 
diagnosed, but thoracentesis in the right axillary line yielded bright 
red blood, following which cardiac murmurs over the dullness were 
noted. At post-mortem examination it was proved that the dullness 
was due to a huge left auricle presenting on the right side. 

Other cases of such enormous dilatation of the left aiu’icle have been 
reported by EmmanueP who describes several older cases from the 

•From tlie Department of MeiUcine and Divi.sion of Roentgenology, Univer.sity of 
Chicago. Cliicago, Illinois. 
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Loudon hospitals, Shaw," Scholl,' Easl,"' Lulembacher'’ and others. 
Quite recently Bedford’'’ has reviewed the subject and added two more 
cases, and Bramwell and Du'ruid” have established a much more sound 
pathological explanation of the cause than former observers, namely, 
fibrosis of the auricular wall. 

These enormous dilatations are rare and, hence, not of common in- 
terest. A more moderate degree of dilatation, however, commonly 
occurs and finite frequently is apparent as a part, of the right border 
of the heart in the roentgenogram. From the anatomical studies of 
Stoerk and the more recent reiteration of Neumanid- and Assmau”' it 
is easily understood ivhy the left- auricle ajipear.s on the right. Neu- 
mann interprets the double curve on the right occasionally appeari)ig 
iiuuitral stenosis as being made up of the two auricles, the left above, 
the right below. ITe also adds that this is seen rarely in cases of aortic 
insufficiency or arteriosclerosis with left-sided hy])ertrophy before 
much enlargement of the right side has taken idace. The appearance 
of the left auricle on the right in such conditions, he believes, is in 
part due to the rotation of the heart, bringing the l(>ft auricle out from 
behind as in a right oblique view. 

In 1922, Bordet’ ’ in a series of 200 unselected cases of mitral disease 
noted the appearance, of the left auricle o}i the right side ten times in 
the outline by x-ray, yet. in all of these the auricle was only moderately 
dilated, and no physical signs were found which might have given a 
clue to the condition. 

In Schott V six cases the auricle Avas someAvhat more prominent, 
and scA’cral presented paraA'crtebral dullness on the right .side. This, 
hoAvever, might ha Am been due to small amounts of fluid. 

Clinically, then, definite signs of right-sided enlargement of the loft 
auricle are only obtained Avhen the dilatation is relatively enormous, 
and even then may readily be mistaken for ^ileural effusion or aneu- 
r\sm. There maj^ be dullness to the right of the midline extending 
a'en as far as the axillary line and murmurs may be heard OA'er this 
aiea. PuLsations, A’isible and palpable, haAm been reported. It is also 
e inical interest that in all of these cases Avith dilatation of the left 
suiiele to the I’ight in Avhich the clinical findings Avere stated, auricu- 
hiillation Aims also present. This avc find occurs in the tivo cases 
’"effided in our present report. 

e proximity of the esophagus to the auricle Avas appreciated by 

pohit'^^^ ArinkoAvski’” in 1906 Avhen thej’' used it as a 

nt from AAdiich registration of the pre.systolic (auricular) impulse 
readily obtained. Eichorst’" states that cardiac hypertrophy may 
3inon tke esophagus, but KoAmc/. and Stoerk’® Avere 

tile observers to emphasize deviation and compression of 

enlargement of the left auricle. They injected the 
gns AAutli a soft mass and, on remoAml of the specimen, demon- 
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strated three depressions ; the nppcrmost from the bifurcation of the 
trachea and the left main bronchus, a second from the aorta, and be- 
low these a long smooth depression from the left auricle in cases with 
enlargement of this organ. 

They then examined eases of mitral disease by x-ray while the pa- 
tient swallowed bismuth suspensions or capsules and showed that the 
esophagus was displaced to the right and backward. The degree of 
displacement, they thought, was directly proportional to that of car- 
diac enlargement. In one case a capsule remained just above the com- 
pressed area for fifteen minutes Avhieh also indicated some obstruction. 

Paulkenhausen’” reported a ease of arteriosclerotic heart disease, 
where compression of the esophagus occurred at two points. The first 
was at the level of the widened aortic arch ; the second at the level of 
the left auricle which cavity was apparently enlarged, probably due to 
a functional regurgitation from the hypertrophied left ventricle. 

Gabert"'’ concludes that the left auricle is almost the sole factor caus- 
ing compression and displacement of the esophagus, but that its en- 
largement may very Avell be part of a general left-sided hypertrophy 
from causes other than primary mitral disease. The latter condition, 
howevei’, is responsible most frequently. Gabert also recorded the 
deviation posteriorly and to the right as former observers had demon-' 
strated. 

Rosier and Weiss'^ differ from others in their report, in that the 
esophagus deviates to the left in some of their eases. Their report 
deals with seven cases of mitral lesions, four of which were combined 
with aortic disease. The}^ attributed the displacement to enlargement 
of the left auricle in all cases and explained the deviation to the left 
bj^ rotation of the heart which dragged the esophagus, in its passage 
through the diaphragm, from its normal position just to the right of 
the midline, over to the left side. This must assume rotation pos- 
teriorly from right to left, anteriorly, from left to right, which is in 
an opposite direction from that found by most observers and contra- 
dicts Neumann’s observation, that rotation was a factor in aiding the 
appearance of the left auricle on the right side. 

The clinical significance of compression and displacement of the 
esophagus in patients with enlargement of the left auricle lies in the 
fact that these patients occasionally have difficulty in swallowing. Two 
of the patients reported by Rosier and Weiss complained of dysphagia, 
as did some of the patients in Notkiu’s" report. In the case recorded 
by Owen and Fenton, previously mentioned, difficulty in swallowing 
was a prominent symptom and is, of course, frequent in the experience 
of many. 

The development of recognition of compression of the left main 
bronchus has already been summarized-’’ in connection Avith a detailed 
clinical report of the fir.st ease of this series. Such compression Avas 
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first reported by King-' in 18:58. Four cases, three of mitral disease, 
and one a eongenilal lesion, ^vere shown at auto])sy to have a mate- 
rially decreased lumen of the left main bronchus resulling from jire.s- 
sure from the enlarged left auricle. Friedreich-' first clinically diag- 
nosed such a case in 1850 by the lung signs at the left base, the 
diagnosis being confirmed four years later a1 neeroiisy by Virchow. An- 
other ease was added by Taylor-" in 1889 in aJi autoi^sy j-eport. There 
are but few textbooks-' which mention it. and until Stoerk’s'* admirable 
anatomical study of the normal relations and those in mitral disease, 
it received almost no attention. Stoerk combined the measurements 
of the normal angles at which the bronchi leave the trachea, of Aeby,-'' 
von llovorka and Kohler'-" with his own and gave the limits of varia- 
tion as in Table 1 (A). The values found in his eight cases of mitral 
disease are given in Table I (11). It is to he seen that the lower limit 
in mitral disease corresponds to the upper limit of normal as regards 
total angle. The case which furnished the minimal total angle (78°) 
in the series of mitral disease, irresented an angle of (>1° for the left 
bronchus. The angle of the left bronchus was, therefore, 12° more 
than that in any of the normal cases, the small total angle being due 
to the unusually slight deviation of the right bronchus, namely 17°. 
'I'lic greatest difference, as would be exj)ec1ed, is noted in the angle 
n’hich the left bronchus makes with the axis of the trachea. This 
.study was carried out on autopsy material. 

Two years later, Kahler'" by hronchosco))ic examination of ))atients 
With mitral disease from Kovaez' clinic, was the fii’st to demonstrate 
(li.splacement of the left main bronchus in living subjects and showed 
that .some compression was present in all hut one of the thirteen cases, 

ic narrowing of the lumen occasionally being extreme. In only one 
of those eases were there signs of jiathological nature noted at the left 
'’i"g base. 

QtiiF recently Gahert'” in x-ray studies of the heart was able to 
''i.sualize the main bronchi in anterojiosterior and lateral views. The 
coinpavison of his cases of mitral di.sease with the normal leaves no 
t that spreading of the angle of de])ar1ure of the main bronchi 
^loni the trachea occurs with an enlarged left auricle. That the ele- 

a ion pertains especially to the left main bronchus was in accord with 
loi'iiKjv observers. 

extv in the small minority of eases, those with 

'ii'uff^^ ^^^“PJ'c.ssion of the left bronchus, that clinical signs become 
.‘iiio'' r phenomenon has been found at autopsy or by 

eal^''l Avithout a previous .clinical diagnosis. The ph.ysi- 

Avhen secondary lung changes take place, such as 
•'larl- chronic infection and bronchiectasis Avhieli require rather 

't^oistni' their production. Then Ave find persistent 

'C; stiidulous respiration, and even dullness AAdth breath sounds 
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which may vary from a diminished vesicular murmur to loud tubular 
breathing. They may be coupled Avith long continued fcA^er, cough, 
and expectoration of sputum. Such signs have occurred in the past, 
but only once, and that three-quartei’S of a century ago, has a diagnosis 
been made on that basis. This Avas made by Friedreich-^ in 1850. 

X-RAY STUDY 

The Outline of the Auricle . — 

The examination is made both fluoroscopically and roentgenologi- 
cally, the patient being examined in the anteroposterior position, in 
both oblicpie positions and in the lateral position. In the right oblique 
position the right breast is against the film or screen; in the left 



Fig. 1. Fig. 2. 

Fig. 1. — Case 3 showing the mitral shape of heart. L.A''., left ventricle ; L.A., 
left auricle ; P.C., pulmonary curve. 

Fig. 2. — Case 2 showing how the enlarged left auricle may project beyond tlie 
normal right border of the heart. Both auricles identified at fluoroscopy. 

oblique, the left breast. In oblique and lateral rays of a normal chest 
there is no marked protrusion of anj'^ part of the back of the heart 
into the clear space of the posterior mediastinum. 

The shape of the heart knoAvn roentgenologically as the mitral type 
is Avell recognized (Fig. 1). Vaquez and BordeF- deal very fully AA'ith 
this aspect of the subject in regard to the heart outline of this type in 
anteroposterior as Avell as in oblique Auen’-s. The characteristic features 
from the front are an increase in the horizontal diameter, a Avidening 
aboA^e the Amntrieles, and the presence of an extra curve (L.A.) be- 
tAveen the pulmonaiy cone shadoAv (P.C.) and the left A^entricle (L.V.). 
In the lateral and in the right oblique positions the posterior surface 
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of tlie dilated auricle is smoothly spherical and shows as a definite, 
backward bulge about two to three inches above the diaphragm. The 
differential diagnosis of these films is, however, not easy. 

That the left auricle, if enlarged, shows clearly in the right oblique 
position and may show even in the anteroposterior jiosition as the up- 
per portion of a double shadow on the right side (Fig. 2) is not so well 
recognized. The identity of this double shadow can be verified at 
fluoroscopy; a slight rotation to the riglit bringing the upper shadow 
into greater prominence, hence sliowing it to be posterior. A studj^ of 
the pnlsation may also help. In one of onr eases, which was fibril- 
lating, we found on fluoroscopic examination that these two curves 
pulsated asynchronously. During ventricular systole the left auricle 



Fig. 3. Fig. 4. 

shoB-ine-^h Case 1. Front view of chest while patient swallows barium emulsion, 
s ow the enlarged auricle displaces the esophagus to the right. 

.Ls^teral view of chest while patient swallows barium emulsion, 
b acKward displacement and compression of the esophagus. 

^'as ballooned out under pressure from the left ventricle through the 
^competent mitral valve, while the right auricle, iirotected from pres- 
■^aie by the competent tricuspid valve, did not balloon out but rather 
‘‘^seined to contract. 

^^^^ninah'on of the Esophagus . — 

blit esophagus in cases of mitral disease is not new 

common .use in roentgenological examination. The 
Peii.sio during the act of swallowing a thin barium sus- 

sii’ed^^^T sufficient nnless permanent records are de- 

'dtli ^^OFiual esopliagus passes directly down the mediastinum 
® s ight inclination to the right at about the middle of the thorax. 
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111 the lateral views the indentations of the backs of the tracheal 
bifurcation, the aortic arch, and the left auricle on the anterior wall 
of the esophagus can be observed but are never prominent. An en- 
larged auricle presses the esophagus backward and, usually, to the 
right (Pigs. 3 and t), and on tluoi-oscopy the jiulsation of the auricle, 
transmitted to the fluid barium in the esophagus, is strikingly shown. 
Since the displacement is to the right and backward, it should be seen 
at its maximum in the right oblique position (Pig. 5) and at the mini- 
mum in the left oblique position. In the latter position the esophagus 
should appear straight, as it is examined in the plane of the curve. 
This we found to be the case. 

We haA^e examined by this method a number of cases of heart disease 
other than mitral — including two enormous hearts, one in a case of 
hyjiertension and one in a ease of congenital heart disease. In all of 
these the esophagus folloAved its normal course or was deviated to an 
extent Avhich Avas relatively slight compared to the degree of general 
enlargement of the heart. In some cases of early mitral disease, too, 
the esophagus Avas normal in position, but in these, evidence of auricu- 
lar enlargement Avas also lacking. One of us in examining a feAV cases 
of knoAvn mitral disease in young childi’en found this same deAuation of 
the esophagus in Avell-established cases. We have not observed any 
dcAuation to the left as Avas noted by Rosier and Weiss.-' 

Exainination of ihe Trachea and Main Bronchi . — 

The fact that enlargement of the left auricle may cause displacement 
and distortion of the bronchi has long since been shoAvn on the autopsy 
table. It has only recently been demonstrated by x-ray. This Avas 
done bj'’ GaberO' in 1924 in anteroposterior vicAVS in Avhich the main 
bronchi shoAved dimW but plainly enough to estimate the angle be- 
tAveen them. By the use of the left anterior oblique position in addi- 
tion to the anteroposterior aucav Ave find tliat Ave can visualize the 
bronchi more clearly and more frequently. By raying more densely 
and by the use of lipiodal in stout subjects, Ave can nearly alAA’ays 
outline the course of the trachea and main bronchi. It is essential 
that films be made, for visualization of the bronchi under the fluoro- 
scope is unusual unless lipiodol is used. 

In anteroposterior films of the chest, the normal position of the 
bifurcation of the bronchus lies just to the right of the loAver edge of 
the rounded .shadoAv of the aortic arch in the left upper mediastininn. 
The angle betAveen the right and left bronchi A’aries from 40 degrees 
to 70 degrees (apparently depending to some extent upon the build 
of the patient), as measured in a series of 6 foot anteropostei’ior films 
of normal chests after lipiodol injection. The average angle in tAventy 
normal cases Avas 58 degrees Avitli a maximum of 70 degrees and a 
minimum of 38 degrees. AlloA\'ing for the fact that the apparent angle 
in the film may be rather less than the real angle, these results 
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a'Tee (iiiite well witli llioso ol' Stocrk/’- In 11 h* loFt oblique position, 
^vliich wc found most usel'nl in domonslralin^' bronchial abnormality, 
the angle is some five 1o Ion degrees less than that of the corresponding 
anteroposterior films. In this same view, normal individuals usually 
show a certain amount of sjiaee between the shadows of the back of 
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the heart and left bronchus. Fig. 12 (A and It) shows tracings of the 
bronchi made from films taken after injection of lipiodol and illus- 
trates the diminution of the bronchial angle in the change from the 
anteroposterior to the left obli<|ue position. In stout subjects, os])e- 
cjally, for anteroposterior views it may be necessary to inject a small 
amount of lipiodol to visualize the bronchi. In the left oblique view 
which was found more convenient and reliable for outlining the 
bronchi than any other, tln^ i)roeed\ire is seldom needed but is so simple 
and well establi.shed that its use .seems justified in any ca.se of cardiac 
enlargement in which there is doubt concerning tbe correctness of the 
tiiagnosis. 


^^eliave studied in considerable detail five cases of typical mitral 
(lisease and many of le.ss certain clinical diagnosis. Observations were 
wade also on .several other tyires of heart lesions. That one may judge 
leii value, summaries of these five elear-ent cases of mitral disease 
aie inchulcd, as they have not yet come to autopsy. The illustrations 
weAaken from these cases entirely except Figs. 10, 11, and 12 (A, B, 
> )■ the illustrations and the measurements of normal angles were 
made fiom films of individuals suspected of bronchiectasis in whom 
ipmcol was used and wdio .shoAved no CA’idence of cardioAmseular dis- 
ase, 01 of pulmonary disease, sufficient in am" AvaA" to admit of the 
Pos.sibility Of bronchial distortion. 


CASE SUMMARIES 

Casp^ .1 , ., 

Wn year ' "'"Uc niinij 47 yciirs old, with symptoms of covdiiic insufficiency for 

febrile 4! t"'icc decompensated entered the medical service, after an acute 
liofoa*^^ Aveeks, having developed a stabbing pain in the lefl chest tlie 

Pini] '*1*^ admission. By.spnea and cough Avith a production of large amounts 
"Pli a lar Avere the chief complaints. He was dehydrated and dyspneic 

a’t,e heart, anricnlar fdirillation, a systolic bloAv and a Ioav diastolic mur- 
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imir. Tile lirst sound at the apex was short and sharp, and the second pulinonie 
sound was much increased. The lungs were filled with moist rales, most numerous 
over the left base where there was dullness and a friction rub. The electrocardio- 
gram showed auiicular fibrillation and right ventricular predominance. Routine 
x-ray examination revealed an extra convexity of, and an increase in width of 
the left upper border. Further examination showed the esophagus displaced pos- 
teriorly to the right (Fig. 5) and a protrusion of the upper portion of the cardiac 
shadow posteriorly. 

Improvement occurred slowly but after five weeks with the patient up and 
about on the ward, the rales and dullness at the left base posteriori}’, persisted. 
The breath sounds varied, sometimes suppressed, and sometimes tubular in quality. 
The production of sputum continued at the rate of from two to four hundred 
c.e. per diem. Bronchiectasis was suspected, and an x-ra}- examination follow- 
ing lipiodol injection was done. There was no bronchiectasis, but the angle be- 



Flg. 5. Fig. G. 

Fig. 5. — Case 1. — ^Right oblique view of chest while patient swallows barium, show- 
ing the esophageal displacement is most apparent in the right oblique position. A 
small diverticulum is present. 

Fig. G. — Case 1. Front view of chest after lipiodol injection of the bronchi show- 
ing distortion and compression of the left bronchus by the enlarged left auricle. 

tween the bronchi was increased to approximately 90 degrees, and the left bronchus 
Avas turned upward and compressed at a point about ly, cm. from tlie bifurcation 
of the trachea. The course could be made out in the anteroposterior film (Fig. G) 
but was better seen in the left oblique position. In the latter, it could be folloAved 
oven without the use of lipiodol (Fig. 7). 

At the present time the physical signs at the left base persist as well as cough 
and production of moderate amounts of sputum, yet the patient is at home and 
now driving a taxicab nine months after his admission. 

Case 2.-^A white Avoman, 24 years old, aa-us admitted March 7, 1928, complain- 
ing of dyspnea and palpitation, first noted five years previously during the first 
pregnancy, recurring more seA’crely during the second pregnancy one year later. 
Since then she has been free from symptoms, save on considerable exertion, until 
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two weeks before admission when a rapid increase in dypsnea occurred with the 
onset of almost continuous palpitation. On examination she was dyspneic, yet 
without any signs of congestive failure, the heart was quite large, 4 cm. to the 
left in the, third interspace, 11 in the fifth, and just to the right of the sternum in 
the fourth-. Tlie apical rate was 140, and auricular fibrillation was proved by 
the electrocardiogram. Systolic and diastolic murmurs were definite, both best 
heard in the fourth left interspace. The x-ray and fluorscopic examinations re- 
vealed a heart greatly enlarged to the left and right, a biconvex right border, 
the two convexities of which pulsated asynchronously. There was a large back- 
ward bulge of the upper posterior border in the lateral view, which pulsated 
actively and on which the barium in the esophagus, which was displaced posteriorly 
and to the right, danced with the transmitted pulsation. The left oblique view 
showed a rvideuing' of the bronchial angle to 80 degrees and some compression and 
upward displacement of the left bronchus. A diagnosis of rheumatic endocarditis 



Pig. 7. Pig. 8. 

Pig. 7. — Case 1. Same as Fig. 6 in the left oblique position showing the con- 
cession and elevation of the bronchus veiy clearly. 

3. Left oblique view of the chest showing how distortion of the 
with seen in this position without previous lipiodol injection ; contrast 


uith double mitral disease, insufiitiency of the valve being more prominent, was 
made. The rate was easily controlled with digitalis, rapid improvement followed, 
•md the patient is quite well doing housework at home. 

C.\SE 3. — A white girl, 26 years old, entered the hospital on Feb. 28, 1928, 
I'lth the complaint of heart trouble. The history suggested acute rheumatic fever 
at eleven years of age, and she had been sent to a sanatorium three years prior 
to admission, for pulmonary tuberculosis. Cardiac symptoms had been present 
only one year, begiiiuiiig with dyspnea, then attacks of nocturnal orthopnea, and 
for a few months edema of her ankles. The patient had lieen in bed for some 
mouths and on admission at rest showed no signs of cardiac insuificiency except 
slight cyanosis of the lips, not visible in the finger tips. The heart was moderately 
enlarged, regular,, slow; the apical impulse was forceful, and there was a systolic 
shock. A loud crescendo presystolic murmur, heard best in the third and fourth 
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left intersfiacos insiile the miclclaviculav lino, and a soft systolic blow at the apex, 
were present, togctlier with a snapping first sound at the mitral area, and made 
the diagnosis of rheumatic endocarditis with mitral stenosis quite definite. There 
was no evidence of pulmonary tuberculosis on physical examination. The electro- 
cardiogram showed a notched P-wave in Leads I and TI and a right ventricular 
predominance. X-ray examination revealed a moderately enlarged heart with a 
mitral configuration (Fig. 1). The lungs were clear. The esophagus was dis- 
l)laced backward (Fig. 4) and to the right. The left main bronchus was elevated 
(Fig. S), making a total bronchial angle of 70 degrees, and bent upward about 
M cm. from the bifurcation. These findings served to confirm the clinical diagnosis. 

The j)atient improved and six months later is still returning to the dispensary 
in about the same condition. Her physical activity is very limited, the cyanosis 
remains unchanged, but as yet no signs of congestive heart failure have made 
their appearance. 



Fi.=:. !). Fig. lU. 

Fig. 9. — Left oblique view of the cliest in a normal individual after liplodol in- 
jection sliowing tlie normal bioncliial .-ingle in this po.sition and tlie normal eourse of 
the left broncluis in contrast to Figs. 7 and 8. 

Fig. 10 Front view of tlie cliest sliowing position of bronchi in a case with en- 

larged lieart not due to mitral disease (case of patent ductus arteriosus) sliowing 
widening of broncliial angle but no distortion of tlie bronchus. 

Cask 4. — A salesman, 4o years old, was seen in our out-patient deiiartment on 
Dec. 23, ]!127, and subsequently admitted to the hospital, for study rather than 
therapy. His complaint was “shortness of breath and substernal pain.” A 
definite history of acute rheumatic fever at the age of 31 and again at .3(i years 
was obtained. Hymptoms of dy.spnca, palpitation, choking and dull precordial 
pain, u.sually only on eifort, had been jiresent for four years without much increase 
until one month before admission when a constant cough developed. On e.xam- 
ination the patient presented an unusually .slow pul.se rate, 4S to 5(1, irregular, and 
unalTccted by atropine. The heart was much enlarged, 13 cm. to left in the fifth 
intei-space, and a systolic murmur and a long diastolic murmur were heard. The 
first sound was short and snappy at the apex. The electrocardiographic record was 
that of auiicular fibrillation Avith a very slow ventiicular rate occasionally with 
thirty or forty second intervals. The configuration of the heart in the x-ray film 
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t^ical of tlie enlarged left anricle, the esophagus was displaced posteriorly 
"a to the right. There was some widening of the bronchial angle to the upper 
Lit of normal, namely 70 degrees. The upturning of the left bronchus 2 cm 
from the bifurcation was well marked in the left oblique view. A diagnosis of 
rhenmatic endocarditis with mitral stenosis was made. 

The patient coiitimies to retuni to the cardiac clinic, his clinical condition mi- 
rhangecl save that in spite of the low ventricular rate, the dyspnea and preeordial 
pain Lem slightly alleviated by digitalization. 

5_A salesman, 32 years old, came to our clinic first on Feb. 9, 1928. 
He had an indefinite history of acute rheumatism at the age of 14 years, and a 
typical attack of acute rheumatic fever at 20 years. Tonsillectomy was performed 
at F years of age because of frequent tonsillitis. Since the second attack of iheu- 
matic fever six Lavs before, dyspnea and dull precordial pain after exertion have 
heen constantly present. Two year.s before examination he had several very small 


lUie^tn" view ol the chest in a case of enlargement of tlie iieart 

njpertension sho-wing Aviclening- of t)ie bronchial an^ie but no distortion. 



'cmoptyses and recently sudden attacks of dyspnea. The general examination was 
c together negative. The lieart was slightly enlarged to percussion, especially the 
^ppei left holder, 5 cm, to left in third interspace, and a systolic murmur and 
C'eseendo presystolic murmur with a palpable thrill were present. Predominance 
L ^*1 ^'entvicle and notched auricular waves (Imads I and II) were noted in 
mark anteroposterior x-ray of the che.st showed a well- 

la'tcr 1 ^^etween the pulmonary eone and left ventricular shadows. The 

neartl views sliowed a posterior bulge of the cardiac shadow 

left ir lower portion of the retrocardine space clear. .In the 

mcasiLrL the angle between them 
’leLptioi ^ the left main bronchus showed a Avell-marked upward 

rnTditi. \ -f™"' traclioa. The diagnosis of rheumatic ciido- 

Hc is stenosis was made. His eoiiditioii at present is uiieliaiiged. 

bonal inst. ■'Advised to take a few hours addi- 
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Wassermauns on all these patients were negative. Unmentionecl 
routine laborator.y tests Avere either of little importance in the present 
connection or negath^e. 

comment 

With regard to the outline of the enlarged left auricle, the appear- 
ance of the curve L.A (Fig. 1) is noAv generally recognized as pertain- 
ing to this organ, but we should like to emphasize the fact that the 



ease. 


left auricle may appear as part of the upper right border of the heart 
in x-ray films long before it is detectable in physical examination. 
(Cases 1 and 2.) Fluoroscopy is here e.s.sential for tAvo reasons. First, 
gradual rotation of the patient to the left ascertains that this upper 
convexity of the right border is identical Avith the po.sterior bulge of 
the heart. This in turn is generally agreed to be left auricle. Second, 
the occasional helpful finding of asj'iichronous pulsations of the tAvo 
coiiAmxities, as noted in Case 2, may be present. 
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The deviation of the esophagus in mitral disease is well known but 
is not suiSciently used as a routine test. In passing, it may be noted 
that it has always been to the right and backward in our experience, 
as most observers have recorded. It does not usually occur to any 
noteworthy extent, even in eases of enormous cardiac enlargement un- 
less the left auricle is involved in the enlargement. 

Distortion of the left bronchus as a useful indication of left auricu- 
lar enlargement is practically unknown. The result of the x-ray ex- 
amination after lipiodol injection in Case 1 was rather a surprise, al- 
though the possibility of compression of the left bronchus as a cause 
of the lung findings in the left base had been suggested. The markedly 
widened bronchial angle of 90 degrees, the compression and especially 
the upturning of the left main bronchus (Figs. 6 and 7) precijiitated 
this study. At that time we were unaware of Gabert’s work. Then, 
when the left oblique views were found to show the bronchi still more 
clearly, and when by rajdng more densely it was possible to demon- 
strate the outline of the bronchi with a ceidain degree of regularity, 
the possibilities of a useful diagnostic method appeared. 

In no ease of known mitral disease was the bronchial angle less than 
70 degrees, which we have already seen to be the upper limit of nor- 
mal; while in the most marked eases it was over 90 degrees. The same 
5 to 10 degrees less in the oblique views was true here as in the normal 
cases. The reported angles ranged from 90 to 70 degrees. 

The notable feature about this distortion was not so much the widen- 
ing of the bronchial angle as the manner in which the bronchus curved 
gradually upward, instead of the normal straight or downward curva- 
bires. (Fig. 8.) The obvious elevation and distortion of the bronchus 
IS easily observed as contrasted with the normal (Fig. 9). The same 
contrast is noticeable in the diagram in Fig. 12 (C) udiicli illustrates 
the type of displacement and the manner in which the bronchus maj" 
he compressed. 

We have examined also, several cases of cardiac enlargement due to 
causes other than mitral disease and have found that a moderate 
^'idening of the bronchial angle may occur, but to a much less extent 
a heart with the same degree of enlargement. Neither have we 
ei ei observed in cases of heart disease other than those associated with 
auiicular enlargement, the characteristic upturning and compression 
ot the bronchus (Figs. 11 and 12 [D]). 

An excellent illustration of this difference is to be found in Fig. 10 
^ compare with Fig. 6). This was a case of enormous cardiac enlargement 
m a ilipino man of 25 years, who had had symptoms of heart disease 
m\ yoars, and in whom a definite diagno.sis could not be 

e etween a congenital heart lesion and rheumatic valvular disease. 
01 tuo reasons it seemed certain that the left auricle did not parti ci- 
a e 0 any great extent in the enlargement. First, there was no pro- 



706 


THE AJIERICAN HEART JOURNAL 


trusion of the i^osterior portion of the heart into the retroeardiac space. 
Second, Ave Avere able to demonstrate by lipiodol injection that the 
bronchi pursued a normal course saAm for a possible slight AAddening 
of the bronchial angle to 75 degrees, only 5 degrees aboAm the npper 
limit of our normal series. This AAms the only change in spite of the fact 
that the enormous heart shadoAA’- bulged AA'ell to the left of the left 
bronchus (Fig. 10). Were the upper left shadoAA' left auricle, the 
bronchus AA-ould be bent upAAmrd, compressed and AAmuld tend to ride 
the shadoAAL 

At autopsy some pulmonarj- sclerosis and a Amry large patency of the 
foramen OAmle (3 cm. in diameter) aa'rs all that could be found to ex- 
plain the enlargement. The heart AAmighed 900 grams and the enlarge- 
ment AA^as mainl3'^ right sided, the right auricle, right A’entricle and pul- 
monaiy cone and artery being enormous. The left auricle AA'as little, 
if anj^ enlarged. This readih^ explains aaOia’’ the left bronchus AA^as 
relatiAml.A^ undisturbed, since the pulmonary cone and artery are free 
to enlarge to the left anterior to the left bronchns, not bound under it 
as is the left auricle. 

The onl.A^ other conditions in AA'hich aa'c haA'e obserA’ed a distortion 
of the left bronchus similar to that found in enlargement of tlie left 
auricle are tuberculosis and tumor of the lungs. Extreme fibrosis or 
contraction of the left upper lobe inaA' result in Avidening of the angle 
of deAuation of the left brmichus, and OA'en in the characteristic up- 
turning noted in enlargement of the left auricle; hut the obA'iousness 
of a pulmonaiy lesion suffieientl.A^ large to giA^e this result precludes 
auA* confusion. 

SUMMARY 

The left auricle has a peculiar anatomical position, in that it is the 
posterior and superior chamber of the heart, therebA" being in closest 
relation to the esophagus and to the bifurcation of the trachea. By 
Aurtue of this position the left auricle ma.A’- enlai-ge to the right as aa'cH 
as to the left and during the course of its enlargement may exert pres- 
sure on the esophagus and main bronchi. There are manj'^ reports in 
the literature illustrating these effects, the least knoAAm of AAdiich is the 
last. Compression and displacement of the bronchi but rarel.y giA'e rise 
to lung changes. Amt inaA^ be frequentl.A' found b.y x-raj", and together 
AA’ith displacement of the esophagus are usualh" attributable to the left 
auricular enlargement. 

Roentgenological methods demonstrating the occurrence of tlie.se, 
three ijhenomena are described AA'hich make more accurate the diag- 
nosis of enlargement of the left auricle. 

1. OhserA'ation of right border of Ihe lu'art for double curA'e in an- 
teroposterior films and fluoroscopA' to verify that the upper curve is 
identical Avith the posterior superior curve of the heart, and to note 
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TB^MSITOIIY VlWTliUrhAli l.'IIU!IU,ATl(.N AS A CAUSH OV 
CTN^on.; AND ITS l-liHVUNTION BV (JT'INIDINH 

sriilMlATK® 

With Cask Kki’oht and 1)is,m’ssh)N ok Diacnosth^ CurrHUiA kou 
Vkntku'I.t.au FlHKlI.KA'nON 

^VlKKlAM !)o(MC. M.n. 

San V^kancisco. Caiak. 

THE dia-n\osis of venlncular cannot lio pi-oposoJ for 

1 elcdvoearclio-rains of palionls willi the assurance usual m classu 
fyiag records of arrliyllunias. Tl.e experhncntal ovulence on ^v Inch 
the iiitcrpvetatiou of the curves must he hased has not been so t loi 
Qup:li ov eouvuuiiujj; that ouo luay state whcliiov an> ([iioslionab o ictoit 
slunild be classified as vcntriculai- tachycardia, flutter or fihi'illation. 
IVitli tliesc facts in mind 1 wish to ))rosent. a ])alient with syncopal 
attacks as the presentin': complaint, in wliom durinj: such an attack, 
iiulueed by injecting eiiincplirinc, ventricular arrliythmia ot hi/..inc 
type was rccoi'ded. 

CASic UKKoirr 

-Mr. E. S., married and faliior of several normal eliildren, l\nd been snti.iect to 
dyspnea and fatifine on exertion “all bis life." Pet ween tlie nfics of .out 
33 years he bad luinierons atlaeks of arlliritis of knees and ankles, uitti little oi 
no fever. 

He was 30 years old wlien be bad bis lirst Hyiiei)]ia) atUiek, wbieti oceiirred ■\^bite 
lie w.'Ks at rest. Tliree weeks later lie bail a .dinilar at lark, and tliese attacks 
occurred at intervals of aliont one montb from April, ID-O, until April, 31).-7. 
Tliey tlien became more frecinent. and variable in severity u]) to October !•), 10-7. 
Between October 15 .and 2.7 tliey iicenrred one or more times dnity. lie, liad always 
considered liiimself a nervous m.an, and tliis irritability was increased at Ibis time. 
The noise made by bis eliildren often was tbo j)reei])itating factor for the attacks. 

He described Ids attacks as follows; A sudden sensation of heaviness in tbc 
chest seized liim, and seemed to welt np toward bis bead. Tbc skin felt as tboiigb 
"arm water were ri.sing over it. AVbon tlie sensation roaebed the. ebiii level, be 
hecanie weak and bad to bold on to sometbing to keep from falling. When it 
reached the level of lii.s nose, lie lost all muscular control, beenme blind and fell 
lo the floor. He tliouglit be bad only lost ceniseiousness once, and then for two 
niinutes. Usually tbc attacks stopped before be became blind, and after tbc attacks 
passed off lie was weak and tremulous for from twenty to thirty ininiito.s. Uiiring 
die attacks his pliysician noted that pulse and heart sounds ^\■cve absent. 

On October 2G, while in the oflicc of Dr. K. B. Jilclvcnz.ie, he bad a mild attack, 
the termination of which was recorded elcclrocardiograpliically (Big- !)• Be then 
entered tlie hospital and during five days of bed rest bad no attacks. 

He was a well-developed muu, somewhat over-alert but not sick. There was inai'kcd 
dental caries with pyorrhea. The heart and lungs were quite normal, blood pressure 
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was 140 niin. systolic, So mm. diastolic. The blood, urine, Wassermann and 
teleroentgenogram of the heart were all normal. The electrocardiogram was normal 
except for rare ventricular extra systoles, all arising in the same region. 

The patient was given epinephrine 0.2 c.c. of 1/1000 solution intravenously. 
Marked nervousness, tremor and sinus tachycardia occurred j no extrasystoles were 
produced. Within ten minutes the effect had almost entirely subsided. Fifteen 
minutes after the first injection a second dose of 0.3 c.c. was given. Before the 
record (Fig. 2) was started or the needle was out of the vein, the attack came on, 
and this was quite typical of the attacks observed by his home physician several 
times in the previous two weeks, during which the patient was pulseless, no he.art 
sounds were audible and weakness and blindness came on within half a minute. 
The whole attack lasted about one minute, but he was very weak for half an hour. 

He was put on constant medication with quinidine sulphate 0.3 gm. three times 
a day and in the year following this had but one attack of syncope. This was 
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Figr. 1 Termination of spontaneous attack of ventricular arrhythmia, rate 285 jicr 

minute. Time in 1/5 seconds. 

Figr. 2. — Consecutive tracings during an attack induced by epinephrine. Two sec- 
onds of sinus rhythm omitted between Nos. 4 and 5. Note sinus beats (marked with 
.S') interpolated without postundulatoiy pause in Nos. 2 and 3. 


during the removal of his carious teeth under local anesthesia. He found that 
when he discontinued quinidine for a few days he was troubled by fleeting sensations 
of preeordial heaviness, and this difficulty persisted even after his gums had been 
healed over for six months. His tendency to fatigue easily and to become short 
of breath on exertion was unchanged. 

Summary . — A middle-aged man, ivlio liad always had symptom.s sug- 
gestive of effort syndrome, had syncopal attacks with increasing fi'C- 
quency for eighteen months. After quinidine rationing the attacks no 
longer occurred. Electrocardiograms were obtained during one mild 
spontaneous and one severe attack induced by giving ejiinephj'inc. 
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description of ELECTROCARDIOGRAMS 

The tracing (Fig. 1) oiitained during a brief spontaneous attack 
show.s a ventricular tachycardia (rate 280), with moderate variation in 
shape and duratimi of electrcial complexes. Tliere is no i.so-electric 
period. The normal rhytlim begins after a short pause; it is at first 
rapid but soon returns to a rate of 58 per minute. 

The tracing (Fig. 2) obtained during the attack induced with 

epinephrine is of an entirely different sort. The ventricular rate 

varies between 190 and 200 per minute, although toward the end 
of the attack much slower rates of deflection can be noted for 

2 to 4 complexes. There is no dominant form of electrical com- 
plex but the widest variation in shape with a tendene.y to have 

a few more or Ic.ss similar waves followed by groups wholly different. 
About thirty seconds after the be.ginnin,g of the attack a single sinus 
beat of normal .shape, and not ])receded by a pause, is interjiolated in 
the tachycardia. Similar beats occur more frequently, then in twos 
and threes, and Anally the attack terminates in a run of rapid sinus 
beats with occasional brief runs of abnormal ventricular complexes. 

DISCUSSION 

The cardiac activity re^iresented by the oscillations recorded in Fig. 2 
!S obviously of quite a different order from the usual ventricular 
tachycardia, and it may be doubted that this attack induced with 
epinephrine is the .same a.s tlie patient ’s spontaneous attacks. Sub- 
■lectively the attack was quite like liis severe seizures, and we know 
diat in other cases where similar doses of the drug have been given 
to patients with a tendency to ventricular arrhythmia the effect Avas 
to produce attacks which were quite similar to the spontaneous ones’ 
01 to cause merely a sinus tachycardia."’ In this patient a dose only 
one-tliii'd smaller had evoked no ectopic rhythm. 

To classify these tracings it is neces.sary to review those ventricular 
'iiiythmias which lie be.vond simple tachycardia. In the German 
iterature® the same scheme is used as with the aui’icular arrhythmias, 
and they designate as flutter those with continuous dentate oscillations 
0 fairly regular form, and as fibrillation those with irregular and 
’ounded oscillations. English and French authors avoid the term 

^entiieular flutter” and substitute “pseudofibrillation,” “phase 
“those preliminary disturbances which precede” fibril- 
observers attach prognostic inther than physiological 
■^&in eance to these distinctions, for as MacWilliam® states of the eon- 
^i^ions in the exposed heart of experimental animals, “from the evi- 
o^iice afforded by ins])eetion, paljiation, tracings of the oscillations, fall 
hbrfiW- conditions (fibrillation and pseudo- 

as reo^ impossible of distinction, but they differ .strikingly 

oOi s persistence; psendofibrillation ceases immediately or at vary- 
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ing short periods after the cessation of the stimulation, wliile true 
fibrillation under ordinary circumstances goes on as a rule to the death 
of the heart.” This distinction between fibrillation and the stage which 
precedes it, based wholly on prognosis, is of no value in human phvsi- 
ologj-, for the tendency of fibrillation even when fully developed in 
man is toward early spontaneous arrest of the arrhythmia. No one 
would accept a division of auricular fibrillation into pseudo and true 
on a basis of persistence, although here the difference in duration of 
paroxysmal and permanent attacks is a question of years. It is obvious 
that such a distinction is even more absurd for ventricular fibrillation 
where persistence for eight or ten minutes means death. With regard 
to the distinction between flutter and fibrillation, it is well to recall 
that in auricular flutter it is possible to demonstrate A-V conduction, 
usually with partial block, as well as motion of the auricles and of 
blood in the great veins due to the fact that the auricular muscle still 
contracts as a unit. Similar motion of ventricular muscle has never 
been demonstrated in the so-called ventricular flutter in man. Lewis' 
has shown that in the early stage of ventricular fibrillation in the dog 
the oscillations are quite similar in regularity and shape to the den- 
tate oscillations of auricular flutter; yet at this time the carotid pres- 
sure scarcely fluctuates from zero, and the ventricular myoeardiogram 
is a straight line. It seems certain that we wiU have to content our- 
selves with the diagnosis of tachycardia for those cases where per- 
sistent heart sounds or other pulsatile activity of ventricles is present, 
and fibrillation for those where gross mechanical arrest is present with 
persistent electrical oscillations. The more rapid and irregular these 
oscillations, the more certain can we be of advanced disturbance in 
the conduction of the circus movement, but slower and more regular 
oscillations are compatible with a dilated and fibrillating ventricle as 
may easily be observed with the exposed dog heart. 

With these facts in mind it seems quite proper to suggest that both 
attacks recorded in this patient were due to ventricular fibrillation, 
Ihe spontaneous one having a more rapid and regular oscillation than 
the induced attack. The conditions under which the latter occurred, 
the slower rate and great number of brief pauses suggest that tlie 
condition resulted from the depressant action of epinephrine, ratlier 
than from its sympathectieomimetic action. 

This brings us to a consideration of the factors which iiroducc or 
initiate ventricular fibrillation.® Experimentally fibrillation can be 
])rodueed by faradization, and even in some species by a propcrl.v timed 
single shock to the ventricle or by massage or heating, by ligation or 
injection of emboli into the coronaries, or by alterations in vagal and 
sympathetic tone. A Avide Amriety of drugs produces this arrhythmia : 
potassium, barium, pilocarpine, quinidine, digitalis, nicotine, cocaine, 
cldoroform and epinephrine. The latter is unique in that small doses 
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mav caiise and lariic ones arrest venti-icular lihrillalioii. Clinically the 
I'oliowing i'aets seem ^Ycll established: electric shocks, chloroform anes- 
■tlicsia and disease of coronary arteries may cause ventricular lihrilla- 
liou and death. The gi-oat, majority of clinically recoi-dcd cases of 
ventricular fibrillation occurred in patients Avith ])crmanent A-V block 
shortly before death from myocardial disca.se or at the time of death 
in patients with other diseases. It has liccn a.ssumed that sudden death 
ocravving after emotional shocks, or in ]>aticnts Avith angina pectoris, 
aortic insufficiency and the like arc due to ventricular fibrillation, and 
deaths from digitalis and from quinidinc arc attributed to a similar 
mechanism. In patients Avith advanced myocardial disease the tendency 
to ventricular arrhythmia, especially under digitalis, is marked and 
may terminate in fibrillation. 


iVe noted previously that, of the score of ca.se.s of ventricular fibril- 
lation recorded elcctrocardiogi-aiihically, only one in a jiatient dying 
of heart disease, and Iaa’o in cases in Avhich the dying heart Avas recorded 
in patients Avith infectious disease AA'crc truly terminal, all the rest 
were transitory and this, in .sjiitc of the unfaA-orable conditions — com- 
plete heart -block, quinidinc poisoning or moribund febrile state — Avhich 
led to the occurrence of the an-hythmia. The most rapid A’entricular 
fibrillation cA’cr recorded in man terminated abruptly and the patient 
recovered,' Avhile in thirty-.seven moribund patients studied by A'arious 
groups, only fn^e shoAved transient fibrillation and tAA’o terminal fibrilla- 
tion.®’ 10. n j think that avc must conclude from this that ventricular 
fibrillation is not easily c.stahlished or maintained in man. 

Nothing has been reported concerning treatment, of attacks or 
piojffiylaxis in man. If avc may judge from animal experiment, the 
aitiacardiac administration of full doses of epinephrine, or of potas- 
sium chloride, chloral hydrate or camphor AAmuld be Avorthy of trial in 
t ie attacks, and quinidinc or digitalis as prophylaxis. We used quini- 
|ine in this case hecaiAsc of Scott's repoifl of its effect iA'cness in Amn- 
iicu ai tachycardia, and the result seems to huAm been excellent. 


.SUAIAIARY 


Avith^^ diagnosis of Amntrieular fibrillation is discussed 

Ad ^ patient without evidence of organic heart disease, 

tile months attacks of syncope due to transitory^ ven- 

atfficte^ fibrillation. Quinidinc sulphate rationing prevented these 
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THOCAHDJoniiAPJllC uhanmjics jn 
]T. Tkthavkn'tricui.ar Block^ 
Boukut i\l. Stkamiku, 
{'i,F.VKi,AXi), Ohio 


OlPIITJiBRlA 


O NE oflho most slrikiiijj: cliiiicnl IViiluros in some ciisos of dijihlheriii 
is the extreme toxicity of tin* patient witli a condition of the 
circulatory system horderinfr on collaiise. Ijow blood ])ressurc and 
feeble peripheral ]mlses, ]mor heart sounds and p:allo]) rhythm are in- 
dications of cardiac dilatation, which is demonstrable clinically and 
lias been observed roent":enolop:ically. Such sii>ns may be associated 
with slow, or ra]nd heart rates and with irrep;ular rhythms sujigesting 
lieai't-bloek or indoirendent ventricular tachycardias, which give serious 
prognosis. Electrocardiogra])hic studies often ri'veal only a normal 
cardiac mechanism with intraventricular block varying from merely 
delayed QRS interval to tyjiical bundle-branch block. 

It is the purpose of this paiier to cal! further attention to these 
phenomena and to consider the progress of these abnormalities from 
father mild effects to more sevei'e ones and to death in some cases, or 
to complete elinical and electrocardiographic I'ccovery in others. Six 
cases were .studied. )\lany other instances of delayed intraventricular 
conduction were observed, but they were accompanied by complete heart- 
block and have been considered in a previous article.' This paper 
suggests that the intraventricular block is frequently the result of a 
functional depression of the conduction .sy.stem, rather than an anatomi- 
cal change. 

A brief summary of the cases and a descri])tion of the I'ecords fol- 
io". Mea.sin’ements were made by i)ro.iecting elect i'ocardiogi'a])hic film.s 
ou a screen so that, time intervals of 0.04 .second eiiualled 0.5 inch. 
Readings were taken with a ruler. 


CASK KKl’Oin’.S 

to negro boy, ,) yeju'.s old, rceeivod 40,000 units of nutifoxiu on udmissiou 

of .As no clinical history was ever obtained, the previous duration 

■iiid lem.iincd unknown. The patient was very sick with low blood pressure 

tlays, followed by marked improvement. On tiic 
and / *tay in tlic hospital, nystagmus and pctechiae of the skin appeared, 

tubereiT 152 inononuelcar cells and globulin. A diagnosis of 

vulsions^”^ meningitis was made. Death occurred the next day after clonic con- 

with on the ninth day in the hospital shows normal mech.anism 

gu !ii late of 80. The P-R interval is about 0.18 second. A^cntricular coni- 

t-Uy Hospital. Medicine, Western Reserve Medical School at Cleveland 
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plexes show splintering, they are diphasic in Leads I and II, and inverted in Lead 
III. The QRS interval varies from 0.13 to 0.14. second in Lead I. Tlie T-wave 
is upright in all leads (Pig. 1). A record taken on the following day is similar, 
but the excursion is greater in Lead I (Pig. 2). The next record, taken on the 
eleventh day, is similar to the first two described except that the splintering of 



Fig". 1. — Case 1. Record on ninth day in the hospital. Normal mechanism. 
Marked splintering of ventricular complex with QRS intenml of 0.14 second. 



Fig. 2. — Case 1. Record on the following day, similar to the previous, hut the 
e.xcursions of Lead I are increased. 


QRS has completely disappeared and the interval is reduced to from 0.10 to 0,12 
second in all leads. Left ventricular preponderance is still marked (Pig. 3). 
Tlie last record, taken on the fourteenth day, is normal. QRS intcr%’al is O.OS 
second. Lead III is of low amplitude and T-waves are inverted here (Pig. I)- 

Case 2. — A white girl, C years old, received 40,000 units of antitoxin after en- 
tering the hospital on the third day of the disease. She improved gradually and 
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ivjis discliargod after forty-five days in the hospital, witli instructions to spend 
most of her time in bed for the next two weeks. 

About the cightii day in the iiospital her pulse fell to GO where it remained 
until the twelfth day when it, rose to about 100. An elect rocardiogram taken on 
the eleventh day shows a rate of about CO with a regular rhythm interrupted by 
auricular or nodal cxtrasystoles. This might bo considered complete heart-block 



Elg. 3. — Case 1. Record on the eleventh day. Splintering of ventricular com- 
plexes has disappeared, and QRS interval is reduced to from 0.10 to 0.12 second. 



Eig. 4. Case 1. Record on the fourteenth day is normal. 


ventricular rhythm, but the fifth complex of Lead I, the last 
follow complexes of Lead III definitely 

after th ^i^sre ventricular action follows auricular contraction shortly 

same systole, the QES complexes are smaller than usual but have the 

and complexes in Leads II and III are diphasic 

n er\al varies from 0.14 to 0.16 second (Fig. 5). 
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A vci'ortl tiiken three dnys later shows a normal mcehnnism except for auricular 
extrasystoles, the fourth complexes in Leads I and II. The P-H interval is jiormal, 
QKS complexes are upright and notched in all leads, and the interval is delayed 
to O.ltl second. The T-wave is constantly invcrte<l (Fig. 0). 

Five more records were made, all showing progressive improvement. The last 
record, made three days before discharge, shows a regular mechanism, normal P-ll 
interval and normal QRR complexes except for low voltage. T-wave is inverted in 
Leads II and III (Fig. 7). 



Fig, 5. — Case 2. -Record on the eleventh day showing- nodal rhythm -R'ith auricu- 
lar e.vtras.vstoles. Alarked widening of QRS complexes from 0.1-1 to O.IG second. 



Fig. 6. — Case 2. Record on the fourteenth day shows splintering of venticular 
complexes with QRS interval of 0.12 second. The rhythm is regular except for 
isolated auricular e.xtrasystoles in Leads I and II. T-wave is constantly inverted. 


Case 3. — A white girl, 13 years old, received some injections into tiie buttocks 
from the family doctor on the sixth day of the disease and entered the hospital 
on the eighth day, receiving 2,000 units of antitoxin at that time. Slie improved 
steadily during her stay and was discliarged with pharyngeal paral3'sis after thirty 
days in the hospital. 

An electrocardiogram taken on the fifth da}’ in tlie hospital shows a. regular 
rhytlnn and rate of 70. The 1^-It interval is fully 0.2 second. QRS eom])lcxC3 
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iwtelied ia aE loads, upright in Leads I and II and inverted in Lead III, 
ind measure from 0.14 to 0.15 second. ' The T-avaves are opposite in direction to 
the main ventricular complexes in Leads I and III. This record shows right bundle' 
brancii block, though the excursions are not so great as are usually seen (Fig. 8). 

A record two weeks later shows a marked change toward normal (Fig. 9). 



Fie. 7.— Case 2. Record before discharge from hospital. It is essentially normal 
except for low voltage and inverted T-waves in Leads II and III. 



Fig. 8. — Case 3. 


Plexes’ Record on the fifth day showing splintering of ventricular com- 

f main P*'°l?ESed to 0.15 second and T-waves opposite in direction 

9 This record shows right bundle-branch block. P-R inter- 


io that of 

IS 0v2 secoticA. 


uiissi''*^f ^ ■'rhite hoy, 7 years old, received 40,000 units of antitoxin on ad- 
pulse”!' ” Imspital the fourth day of the disease. He was very ill with a 
and CM V pressure of 85/45 mm. He developed gallop rhythm 

wriiac dilatation on the third day in the hospital, which persisted until the 
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twenty-eighth day. Improvement was progressive, however, and he was released 
on the thirty-first day to the care of his family physician with the understanding 
that he would remain in bed for two weeks. 

The first electrocardiogram taken on the third hospital day reveals a ' regular 
rhythm with a rate of 120. The QES complexes are upright, notched in all leads 
and show an interval of from 0.10 to 0.12 second. The T-waves arc upright in 



Fig-. 9. — Case 3. Record taken two weeks later, which is essentially normal. 



Fig. 10. — Case 4. Record on third day in the hospital shows ventricular complexes 
upright and splintered and QRS interval of from 0.10 to 0.12 second. 

Leads I and II and inverted in Lead III. The voltage is low (Pig. 10). A record 
taken four days afterward shows notched QRS complexes with an interval of 0.12 
second. These complexes are upright in Lead I and inverted in Leads II and IIL 
Tlie T-waves are opposite in direction to the initial ventricular complexes in all 
leads. The voltage is still low, otherwise the record suggests right bundle-branch 
block (Fig. 11). A record taken on the fifteenth hospital day shows notched 
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QES complexes, but the hitevval lias (U'cveasert to D.OS to 0.10 seeoiul. They are 
upright in nil lends but the volfaKC Tomains low (Fig;. 12). 

Case 5. — A ivhite girl, 7 ycar.s old, reeeiA’od -10,000 units of antitoxin on ad- 
mission to the hospital on tho tifth day of the disease. She was aeiitoly ill; the 
blood pressure was low, and the pulse was feeble. There was no improvement in 
her condition, and on the fourteenth day she vomited, became cyanotic and pulse- 
less, and died in a few hours. 



Pi?. 11. — Case 4. Record four days later showing right bundle-branch block. 



'^^^ctrooardiogram taken on the eleventh hospital day shows regular mechanism 
''fe ^ ^ inteiwal is witliin normal limits. The QRS complexes 

i'> Lead TT ^ ^ inverted in Leads II and III. The QRS complexes 

T-wav ^ splintered, and the QKS interval is O.I-l second. The 

(Lie opposite in direction to the initial ventricular complexes in all leads 

)• This record shows right bundle-branch block. 
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Case C. — A white girl, 10 years old, received 40,000 units of antitoxin on ad- 
mission to the hospital on the seventh day of the disease. She experienced some 
difficult}' in swallowing for several days due to swelling of the neck. The systolic 
blood pressure was consistently about SO mm. and tlie diastolic varied from 0 to 
40 mm. She seemed to be improving gradually, however, until the eighth day in 
the liospital when she suddenly collapsed and died. 



Fig. 14. — Case G. Record taken the day before death shows inverted ventricular 
complexes in Leads I and II. delayed QRS interval, and indefinite T-wavo.s. 


An electrocardiogram taken on the seventh hospital day shows simple tachy- 
cardia, rate 128. The P-K interval is 0.2 second. The QBS complexes are in- 
verted in Leads I and II; the amplitude is low and interval prolonged, though it 
is difficult to measure because it is indetiuite. T-waves arc also iudefinitc (Pig- l'^)* 
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The elect rociivtliograniK from six cases of dijihlhcvia are ])vesented, 
showing delayed iiitraveiitricnlai' coiulnction from 0.12 to 0.18 second. 
Definite notching of the QRS complexes is seen in each case. Cases 3, 
4, aiid 5 (Figs. S, 41, and 13) .show right bundle-branch block. In 
the first, complete clinical and clectroeardiograiihie recovery was ob- 


served; in the second, partial recovery was seen clectrocardiographically 
and [iractically complete recovery clinically reported, while the third 
ca-sc terminated fatally. Ca.se 1 suggests right bundle-branch block 
lint is not typical because the T-wave in Cead 1 is upright. Cases 2 
and 6 show marked intraventricular block. The QRS coinjilexes are 
all upright with T-waves inverted in the first in.stance and voltage low 
and T-w'aves not definitely distingui.shable in the latter in.stance. 

The second ea.se of this series showed an abnormal rhythm, which 
is interpreted as a nodal rhythm interrupted by auricular exti-a.systoles. 
Three days later normal P-R seipicncc was seen, and the rhythm was 
regular except for occasional auricular extra systoles. Thereafter a 
regular mechanism prevailed until di.schargc. Nomnal mechanism was 
present in all the other eases. This might be exjdained by the fact 
that all cases associated with auriculo-ventricular block form the basis 
for another study and have been considered in the previous article. 

Of the six eases .studied, three were followed to electrocardiographic 
and clinical recovery. (The first, case died of intercurrent infection 
after recovery from dij)htheria.) One showed jiartial recovery before 
It was removed from our observation, and two terminated fatally at 
the height of clcctrocardiogra])hic disturbance. 

Intraventricular block is a groui> term suggested by Oiipcnheimcr and 
Rothschild^ to include arborization block and bundle-branch block, and 
is characterized by delay in the QRS interval. These authors reported 
a series of eases revealing at. autopsy extensive fibrosis of the endocardial 
surfaces of the ventricles, which they called arborization block. The 
e ectiocardiograms showed delayed QRS conduction, low voltage, and 
aisenee of typical diphasic curves with large T-waves opposite in di- 
rection to that of the initial vmntrieular deflection of bundle-branch 
ocr. Bundle-branch block indicates a lesion of a branch of the 
con uction system below the bifurcation. The electrocardiograms under 
^ lese ciicumstances show delayed QRS conduction with notching. The 
iicular complexes are of large amplitude and diphasic with the 
'ave opposite in direction to that of the initial deflection. 

bund\^T°^^ observers have reported delayed intraventricular block or 
cases block as transient phenomena. Robinson^ has reported 

with f iiRraventricular conduction defects which disappeared 

disturb improvement of the heart. During the height of the 

anee and when the heart action was irregular, the beats follow- 
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iiig long diastolic pauses were more nearly normal than those follow- 
ing short pauses. The element of rest and recovery in these cases, 
consccpicntly, played an important part in conduction defects. 

Willius and Keith-* described three cases of incomplete hundlc-hranch 
block associated with myocardial disease. All showed a normal electro- 
cardiogram with clinical recovery, so that the authors conchided that 
profound disturbances in ventricular conduction may he cvaiiescent 
with or without cardiac decompensation. Leinhach and 'White'' de- 
scribed a i^alicnt with a normal electrocardiogram and a slow rate at 
rest and riglit bundle-branch block during a rapid rate after exercise. 
Another patient showed alteniate complexes of right bundle-branch 
block and normal mechanism before the branch block became permanent. 
IntraveiTtrieular conduction defects ])robably dependent ii])on func- 
tional depression were described by AVilson and Herrmann" in a case 
of uremia shortly before death. Colvin" described a similar case in 
carbon monoxide poisoning, followed by recovery. 

The occurrence of intraventricular conduction defects in the. course 
of diphtheria followed by elccti-oeardiographie reeovery, indicates that 
these phenomena may result from toxic depression of the conduction 
system. 

.SUMMARY 

Six eases of di])htheria arc presented in which delayed intravenlricn- 
lar conduction was observed. In four instances this was a transient 
phenomenon followed by electrocardiographic recovery. 

The author wishes to express his appreciation to Dr. J. A. Tooniey ami tlie 
Department of Contagious Diseases for permission to study these cases. 
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A COMPARISON OF HNCOROS TAKEN WITH THE EINTHUVEN 
STRING GALVANOi\IETER AND THE A:MPLHHER- 
TYPI? IMH'ICTR OC A RD I ( )G R A PI P"' 

A. Caultox PIifXSTKXK. AI.D.. AXi) S. A. Ijevine, ' M . Y ). 

liOSTOX, jMass, 

D OCK' recently has reoinphasizecl tlie distortion oi the cleetrocardio- 
graiii wliich results 1‘roni introducing: a condenser in senes with 
thele'iuls from a patient to the strin-r <ralvanoineter and has made this 
lihenomenon the premise for a critical analysis of records obtained 

with electrocardiographs of the rcsistance-and-capacitance-coupled 

amplifier tvpc. He presents an illustration showing distortion of the 
S-wave, S-T interval, and T-wave produced by the amplifier-type in- 
strument due to overshooting of the terminal part of the QRS deflec- 
tion, and he states that this distortion increases with increase in dura- 



Fig. 1.— A staiKlardization record of the amplincr-type clcctrocariUoerapl>. 

tion and voltage of the QRS complex. Another illustration sliows over- 
shooting of the base line in the amplifier standardization record. In 
conclusion he state.s that although the distortion is slight in most 
records it iniist he considered in interpreting the tracings, and that 
electrocardiograms made in this manner can accurately duplicate Bin- 
thoveii string galvanometer I'ceords only when the standardizing test 
current does not produce over.shooting on the “break.” For these 
reasons he considers the amplifier-type in strum eiit unsatisfactory. 

No other data on the accuracy of records obtained by electrical ani- 
plitieation of the heart currents arc available. Because of this and 
the increasing popularity of the amplifier-type electrocardiograph, the 
Eintlioven string galvanometer and amplifier records of twenty-five 
patients have been compared by detailed inspection and ineasiirement. 
Hie amplifier-type instrument used Avas a late model of the Victor 
electrocardiograph, and the string galvanometer Avas a ncAV Camhridge- 
Hindle model number tAvo. The tracing on one instrument Avas taken 
^^^^^^iately after that on the other, each apparatus being used first 

4’’" l^escai-ch Laboratories. Beth Israel Hospital, and the Department of 
uicine. Harvard Medical School, Boston. 
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Table I 


NA\fE 

ACE 

DIAGSOSIS 


RATE 

r 

-R 

QRS 

Q-T 




!.i:ai> 

IHN'DLi; 

VICTOR 

HINDIX 

VICTOR 

IIINOLE 

VICTOR 

HINDLE 

VICTOR 




1 

81 

WM 


0.12 

0.08 

0.08 

0.36 

0.3G 

w.i\r. 

17 

Normal 

o 

77 

mm 


0.12 

0.09 

0.09 

0.36 

0.37 




<> 

o 

77 


119 

0.12 

0.09 

0.09 

0.35 

0.35 




1 

66 

66 

0.16 

0.17 

0.08 

0.08 

0.37 

0.38 

W.E. 

40 

Normal 

2 

63 

66 

0.20 

0.20 

0.08 

0.08 

0.39 

■iliTtI 




3 

66 

64 

0.19 

0.20- 

0.09 

0.09 

0.36 





1 

82 

89 


0.15 

0.07 

0.07 

0.32 


P.D. 

20 

Normal 

2 

82 

86 


0.14 

0.10 

0.09 

0.34 

Blifil 




3 

79 

84 


0.12 

0.10 

0.10 

0.35 

0.34 




1 

87 

91 

0.15 

0.15 

0.08 

0.08 

0.32 

0.32 

C.M. 

34 

Normal 

2 

80 

84 


0.16 

0.08 

0.08 

0.34 

0.34 




3 

77 

87 

0.15 

0.15 

0.08 

0.08 

0.33 

t 




1 

73 

73 

0.38 

0.38 

0.08 

0.08 

0.30 

0.30 

A.D. 

28 

Mitral stenosis 

2 

74 

73 

0.34 

0.34 

0.08 

0.08 

0.30 

0.30 




3 

74 

74 

0.32 

0.32 

0.08 

0.08 

0.32 

0.32 




1 

99 

95 

0.20 

0.21 





I.D. 

15 

Mitral stenosis 

2 

102 

99 

0.20 

0.21 




0.32 




3 

96 

102 

0.20 

0.21 

0.10 







1 

75 

73 

0.15 

0.15 

0.08 

0.07 

0.35 

0.35 

M.A. 

27 

Normal 

2 

77 

77 

0.16 

0.16 

0.08 


0.35 

nia 




3 

78 

77 

0.16 

0.16 

0.08 

0.08 

0.34 

0.33 




1 

49 

50 

0.16 

0.16 

0.08 

0.08 



A.E. 

27 

Normal 

2 

48 

55 

0.16 

0.16 

0.11 

0.11 

Isa 





O 

o 

46 

48 

0.16 

0.16 

0.12 

0.12 

iii 

0.42 




1 

75 

■ 9 


0.16 

0.08 

0.08 

0.32 

Wm 

B.J. 

24 

Normal 

■ 2 

80 

■ 9 


0.14 

0.09 

0.09 

0.36 





3 

78 

19 


0.14 

0.08 

0.08 

0.35 





1 

60 

61 


0.14 

0.12 

0.12 

0.36 

0.36 

S.E. 

55 

Normal 

2 

65 

63 



0.12 

0.11 

0.37 





3 

62 

60 

0.15 


0.11 

0.11 

0.37 

mm 




1 

116 

121 


0.20 

0.08 

0.08 

0.28 

0.28 

E.E. 

24 

Aortic regurgitation 

2 

121 

125 


0.19 

0.10 

0.09 

0.30 




Mitral stenosis 

3 

116 

121 

Idwm 

0.20 

0.10 

0.09 

0.31 

0.30 




1 

58 

70 

0.11 

0.11 

0.09 

0.09 

0.42 

0.42 

B.G. 

50 

Angina pectoris 

2 

60 

62 

0.12 

0.12 

0.10 

0.10 

0.44 

0.44 




3 

58 

62 

0.13 

0.12 

0.09 

0.09 

t 

t 




1 

68 

67 

0.13 

0.14 

0.11 


t 

t 

8.G. 

58 

Angina pectoris 

2 

68 

68 

0.13 

0.14 

0.10 


0.39 





3 

70 

70 

t 

t 

0.10 


0.38 

0.39 




1 

80 

82 


0.16 

0.07 

0.07 

0.33 


N.F. 

38 

Secondary anemia 

o 

81 

81 


0.17 

0.09 

0.08 

0.33 

0.32 




3 

79 

81 

0.16 

0.16 



0.30 

0.30 




1 




0.21 


0.07 

0.30 


S.S. 

76 

Aortic regurgitation 

O 



0.23 

0.23 


nnin 


0.33 




3 



0.22 

0.22 

0.09 


t 

t 




1 

96 

97 

0.11 

0.11 

0.07 


WSm 

0.32 

J.S. 

42 

Bronchiectasis 

O 

93 

86 

0.13 



■*Xf9 






3 

87 

97 

0.13 


0.08 



t 




1 

81 

76 

liJEliH 


0.08 

0.08 

99 

0.38 

I.P. 

44 

Essential Iiypertension2 

81 

81 

^^9 


0.06 

0.06 

mm 

0.38 




3 

80 

77 


0.13 

0.08 

0.08 

mm 





1 

79 

79 

0.15 

0.14 



0.32 

0.32 

M.8. 

26 

Normal 

2 

S3 

78 



0.10 

Ihibm 

0.35 

0.34 




3 

81 

75 

0.14 

0.14 


0.10 

0.34 

0.34 














i;i{\sti:ni-: and dkvini 


:: AMi*i.n-ii:i;-Tvi-i: ki,i;i rit(icAiiDi(i<:icAi*ii 727 


‘r.Mii.K I 


AMiaiiTni a'Ipiuii'I' ^virl.tlwi 


jUNiai: 


M|S|*l 1 

> U IMA 


\ u rxa! 

t 

\ U IMH 


\ IMO 

MI'Wt f 

V U tMA 

0.0!) 

o.os 

0.7 

O.li 

0.0 

O.o 

•TTi 

1..'! 


2.7 

I s 

1.7 

0.10 

0.0!) 

• » •> 

l.S 

2.:i 

2.0 

20.0 

ir.,.'. 

1.1 

:i.o 

l..‘i 


0.0!) 

0.0!l 

I..'. 

1.:! 

:i..'i 

;t.o 

10.2 

1. 

;!.o 

l.S 

2.0 

l.S 

O.OS 

O.OS 

1.0 

0.!' 

0.2 

0.2 

4 .7 

tt.o 

l..'i 

1.2 

2.;i 

2.0 

0.12 

0.12 

1..7 

1.!! 

0.1 

0.1 


7..1 


2.S 

2.S 

2.1 

(I.OS 

O.OS 

0.7 

0.7 

l.S 

l..t 

1.7 

1.7 

•» 

2.0 

0.."i 

0 .*> 

0.07 

O.OS 

1.1 

1.0 

0.0 

0.0 

*»,o 

-'•.2 

0.2 

0.2 

2.S 

2.0 

O.OO 

0.10 

1..1 

1.0 

il.u 

0.0 

7.S 

i:.;i 

.'i.o 

l,:i 

l,.'i 


O.OS 

0.07 

•o.:{ 

•0.2 

0.7 

o.s 

1.7 

l.:i 

.',.0 

* ** 
f .*• 

1.7 

1.1 



-0..1 

-0..'i 









O.O.S 

o.os 

o.s 

0.7 

0.1 

o.i; 

l>.o 

S.t) 

0.7 

0.2 

2..'i 

l.S 

0.0!) 

0.10 

1.0 

l.'i 

I.o 

1.0 

lo.o 

:i.o 

0,K 

o.^ 

2..'> 

2.0 

0.0!) 

0.00 

o.s 

O.S 

0..'1 

o.r« 

1.2 

,':.o 

0.2 

0,2 

0.;: 

} 

0.12 

0.12 

1.0 

l.i! 

0 1 

<1.1 

l.S 

1.2 

7.0 

7i.u 

I.o 

*1.1* 

0.11 

0.11 

•2.0 

*l.s 

1.0 

1.0 

l*.o 

‘.‘.0 

« 1 <> 

2.0 

i.;i 

1.2 




O.."? 









0.10 

0.10 

-0.1 

-0.1 

2.0 

*» ^ 

11.0 

10.2 

0.;; 



o.a 

O.OS 

0.00 


0.!) 

i».0 

Ojl 


7.0 

1.2 

I.o 

1.;: 

1.:; 

0.12 

0.12 

1..'. 

1.2 

(1.0 

0.0 

!s.> 

17..: 

0.0 

0.0 

i-.'i 

i..’i 

. O.OS 

o.os 

o.."» 

O..-! 

1.0 

1.0 

12.0 

12.0 

0.0 

o.'l 

o.!! 

o.;i 

o.os 

0.(10 

1.2 

o.i» 

1.0 

i.i.r 

s,s 

i:.i 

i.o 

0.7 

.1.0 

U’.I* 

0.('!l 

0.0!) 

2.0 

1..'. 

0,1*1 

0..'| 

12.2 

1".7 

l.S 

1.7 

1.0 

;i.;! 

0.00 

0.00 

1.2 

1.0 

0.7 

0.7 


i..’i 

1.0 

I.o 


1..'. 


II.OS 

llAl'.t 


(1.1 IS 
0,(i'.l 


0.10 

0.10 

i 

0.10 

O.lo 

0.10 


o.os 

0.011 

0.07 


O.o.s 

0.10 

0.07 

o.oo 

o.o.s 

o.os 


0.00 

0.0!) 

0 . 0 !) 


O.s 

1.0 

i 


j^i.oo 

0.0!)~ 

o.lo 

> 

o.lo 

0.10 

0.10 


0. J 

T() 

1. L' 
t 

I'.F 

l.S 

o.t 


t O.li 

0.10 1 ..-, 

0.07 o.s 


o.os 

0.10 

0.07 

o.fTiT 

o.os 

o.os 


0.7 

o.;* 

) 


0.0 

1 ..'. 

i.r. 


0.0 
I ;{ 
1 .-* 


i.;s 
1..7 
JO(i 

Tr 

i.:i 

'iO.S-0.7 


0.00 ()..( 

0.0!) i.;j 

0.0!) hi; 


0. J 
To" 
1.2 

1 

To" 

1.1 

0.1 

<1.7 

1 . !! 
JI..S 

IJ ' 

1.2 

0. .'i 

"TT 

1.2 

‘iO.7-0. 
'o'.T 

1. :i 
1.2 


■'Viivc. 
I Indl.stinL.t. 


0.2 

2.1 

l.S 

O.ti 

0.0 

0 .!! 

1.0 

o.o’ 

0.0 

0.0 

0/T 

o.t, 

l.,s 

.T.i) 

1.0 

0.0 

ioo" 

0.2 

0.0 


0.2 
<» >» 

t.( 

0.0 

o.o" 

O.!! 

1.0 

o.o' 

tl.o 

0.0 

0.2 

0.0 

■K.s 

;!.o 

o.s 

0.0 

o.7i~ 

0.2 

0.0 


r..o 

17.. ! 

12 .. '. 


0.10 

O.IO 


o.s 

ti,n 

0.0 

:i.7 

O.IO 

0.10 

1..'! 

1.1 

as 

1.0 

1*1.0 

O.os 

i 



!.« 

0.1) 

111.)) 

O.Oli 

0.00 

o.;i 

"()'.' 1 

.'!.o 

2..'i 


0.0!) 

0.0!) 

2.0 

l.il 

1.0 

1.0 

12.0 

0.0!) 

0.0!» 

1.7 

1.2 

H.U 

0.0 

**.o 

(.1.11 

0.1! 

2.0 

l.S 

2.0 

l.S 

12.0 


0,12 

;i.2 

2.7 


(1 ■* 

I. "i.o 

0.11 

0.11 

1.2 

1.2 

1.0 

0.7 

i;:.:: 

O.Ol) 

0.0 ij 

o.s 

o.s 

oil 

0. 1 


0.0!) 

0.0!) 

O.S 

o.s 

O.o 

o.s 

7».S 


J.s 

12.2 

1.0 

0 ." 

7.1 

!'.l 

!!.li 

o.o 

o.;t 

;i.t! 

' 0..V 
•’>.2 
1.0 

1 0.1)' 
10.0 
2 .:: 

~ i Vo" 

11.0 

S.O 


1.7 
1.'..0 
11.0 

.!. i 

I . '..0 

1 

* .*• 
III. II 

lO.N 

Ki.o 

12.0 

1.2 

1.7 

II. ^" 
;!.!! 
0.0 

7.0 

0.2 

.1.0 

7.2 

ti.2 

, 1,0 

o.tT 

7.0 

1.0 

Tsoi'"" 

lo.o 

•> o 

10.0 

7.0 



0.1 

.1.2 

2.7 

1.0 

!.;; 

:>A 

1.:! 

1.2 

1,0 

>) 

1.0 

. * 

» > ^ 

2.S 

2.1 

l.il 

i.;i 


.'..2 

0.0 


.':,o 

2.S 

i.o 

:i.;i 

;i.:i 

;!.2 

;:.)) 

2..'i 

ti.*> 


1.7 

2.0 

;i.? 


0.0 


1,0 

1.0 

"..! 

0.2. 

1.0 

l.i 

S.O 

7.!* 

tt.'' 


1.2 

1.1 

1.1 

1 . 1 

l.S 

1.7 

i..'. 

l.i 

0.7 

0.7 

o.;i 

o.a 

1.1 

i.;t 

■”i.o-().r 

'-l.O.O. 

t» >• 

i 

2.;i 

•-i.)Mo.;i 

•■'i.OiO. 

!'.0 

!'.() 

-1.2 

-1.2 

o..'> 

o..'i 

1.7 

1.7 

0.0 

0.0 

1.2 

1.0 

0.0 

0.0 

0..'| 

(I.r* 


. - - . .. 



0.0 

0.0 

1.;; 

1.2 

(i.o 

.'i.o 

1.2 

1.2 

1.1.0 

1 1.2 

~o.;i 

• 0.;! 

o.t) 

0.0 

“TT 

' " Ta' “ 

1.0 

o.s 

l.S 

l.S 

o.o 

1.0 

1 

1 


, , . 



0.0 

0.0 

2.7 

2.0 

0.0 

0.0 

1.0 

2.0 

1 1.0 

1:1.7 

- 1.0 

-1.0 

l.S 

I.;: 

2.1 

2.1 

1.0 

;i.;i 

fi.ii 


:i.o 

2..', 

.‘1.2 

a.o 


728 


Tllli AMEUICAN JIKAKT JOUHXAL 


TaUIjK 1. — COXT’j) 


NAME 

ACC 

DIAGNOSIS 

DEAD 

RATE 

P 

*R 

OKS 

Q 

r 




lUNDDC 

VICTOR 

IIINDLE 

VICTOR 

IIINDEC 

Victor 

HIND1.E 

VICTOR 

G.S. 

22 

Normal 

1 

2 

7C 

07 

68 

67 

0.1. 5 
0.14 

0.1.5 

0.14 

O.OS) 

0.10 

O.OS) 

0.10 

0.32 

0.34 

0.33 

0..35 




3 

82 

78 

0.14 

0.14 

0.10 


0.34 

0.35 

.I.L. 

21 

Normal 

1 

2 


m 

0.16 

0.17 



0.08 

0.08 

0.31 

0.35 

0.31 

n..3r, 






70 

0.16 

0.10 

0.08 

0.08 

0.35 

0..35 


22 

Normal 

1 

8(5 

77 

0.16 

0.16 

0.00 

0.08 

0.34 

0.31 

L.P, 

2 

81 

75 

0.15 

0.10 

O.OS 

0.08 

0..36 

0.31 




3 

82 

77 

0.16 

0.16 

O.OS 

0.08 

0.35 

0.35 

•J.O, 

31 

Normal 

1 

72 

m 

0.16 

0.17 

O.OS 

0.08 

0.36 

0.36 

2 

08 

04 

0.15 

0.15 

0.08 


0.38 

0.38 




3 

03 

62 

0.1.5 

0.1.5 

O.OS) 


0.38 

0.37 

D.G. 


Normal 

1 

68 

73 

0.14 

0.13 



0.36 

0.3(i 

27 

2 

78 

73 

0.18 

O.IS 



0.36 

0.37 




«> 

71 

78 

0.18 


0.11 

0.10 

0.30 

0.35 

K.D. 



1 

82 

87 

0.12 

0.12 


0.00 

t 

f 

Go 

Norm.'il 

2 

82 

87 

0.12 

0.12 

O.OS 

0.08 

0.31 

0.31 




3 

82 

86 

0.13 

0.13 

O.OS) 


0.31 

0.31 

W.G. 

40 

Normal 

1 

86 

82 

0.14 

0.14 

O.OS 

O.OS 

0.34 

0.31 

0 

87 

85 

0.15 

0.15 

0.06 

0.06 

0.34 

0.34 




3 

88 

86 

0.14 

0.14 

O.OS 

0.08 

0.31 

0.31 


T Indistinct. 


on ap2Di'oximately one-lialf t]ie i^atients. All records n'ere made with 
the patient supine, and no change in j30sition was allowed during the 
shift from one electrocardiograph to the other. Skin resistance, as 
measured with the comparison circuit of the string galvanometer, was 
in no instance over two thousand ohms at the time of taking the trac- 
ing with this instrument, and in no record was there overshooting of 
the string. Particular attention was given in all instances to accuracy 
of standardization. Measurements Avere made Avith the aid of a read- 
ing glass, and the amplitude of all AvaAWS Avas checked by superimpos- 
ing tlie tAvo records of each patient. In tracings shoAving variations in 
Amltage of a waye the maximum amijlitude of each Avave U'as recorded. 
The results of the study arc presented in Table I. 

No difficulty^ Avas experienced Avith overshooting of the base line in 
the standardization records of the amplifier-ty])e in.strument. A typical 
standardization is shoAvn in Pig. 1. The time relationships (P-F 
QES and Q-T intervals) of the records obtained Avith the tAvo electro- 
eardiogi'aj^hs AA’ere practically’ identical throughout, and the amplifier 
tracings accurately^ duplicated all the finer details of AvaAms recorded 
by the string galvanometer. In no in.stance did the amplifier records 
shoAv OAmrshooting of the terminal part of the QRS deflection Avith 
consequent distortion of the S-T interval and T-AAmve. Fig. 2 sIioavs no 
overshooting of tlie QRS in a patient Avith Avaves of increased amplitude. 

Aw-p/ftaf/c of Dcflcciiova . — The mea.snremcnts of height of the various 
Avaves shoAved small but distinct differences in the records obtained Avitli 
the tAA'o insti’innents. In the majority ot instances, hoAvcA'cr, the dif- 
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Table I. — Cont’d 


== 


AMPLITUDE 

AMI 

•LlTUDi: 

AMPLITUDE 

AMn 

L^iTuor: 

amplitudl 

duration p 

nlNDI.r. VICTOR 

r 

HlNDLr. 

VICTOR 

hIaN-dli: 

Q 

VICTOR 

lUNDLi: 

R 

VICTOR 

fllNDLC 

s 

VICTOR 

IIIN'DLi: 

T 

VICTOR 




0.3 

0.0 




mmm 





BiiBI 

1.3 

1.2 

1.4 

1.3 







Hffil 

Ryl 

1.2 

■SI 

1.4 

1.3 


■■ 








mm 

WKm 

0.1 

10.0 

8.2 

2.0 

2.1 

3.6 

3.4 



1.0 

1.3 


2.6 

20.8 

18.2 

0.0 

0.0 

5.0 

4.6 


KtoII 



2.8 

2.3 

13.2 

12.2 

0.0 

0.0 

1.9 

1.4 

0.08 

o.os 

0.9 

O.S 

1.0 



7.2 

1.0 

1.0 

2.3 


0.09 

0.09 

1.3 

1.0 

0.3 



8.2 

1.3 

1.0 

3.4 


0.08 

0.08 

0.8 

0.8 


■El 

2.5 

1.7 

1.7 

2.0 

1.3 




1.2 

0.9 

0.0 


6.7 

5.7 

8.0 

7.0 

2.7 





1.7 

O..! 

0.5 

9.7 

9.0 

0.7 

0.5 

4.8 





-O.S 

0.0 


13.8 

33.2 

0.0 

0.0 

2.7 




1.0 

0.9 



8.2 

7.0 

0.8 

0,3 

3.4 





1.8 

■El 


7.2 

5.5 

3.0 

2.4 

4.5 




l.G 

1.4 

0.0 


1.3 

1.1 

2.2 

2.0 

1.2 


0.08 

0.08 

1.4 

1.4 

1.4 

1.2 

9.7 

9.2 

0.0 

0.0 

0.2 

0.3 

0.07 

0.07 

1.3 

1.1 

0.0 


7.8 

7.2 

4.2 

4.2 

3.2 

3.0 

0.08 

0.08 

*+0.4-0.7 

*+0.4- 

0.7 0.0 

0.0 

4.0 

3.7 

6.5 

6.2 

4.0 

3.0 

0.08 

0.08 

1.0 

1.0 

0.0 

0.0 

11.8 

11.8 

0.5 

0.5 

2.0 

2.0 

0.09 

0.0.9 

1.3 

1.2 

0.0 

0.0 

9.2 

8.0 

0.2 

0.2 

3.0 

2.8 

0.08 

0.08 


O.G 

0.0 

0.0 

0.0 

0.0 

3.0 

4.0 

1.3 

1.0 


•Diphasic wave. 


ferences observed were of no practical significance. The P-waves in 
either two or three leads of the ainijlifier records of eighteen patients 
were slightly lower than in the string galvanometer tracings. The 
diminution in amplitude ranged from 0.1 to 0.5 mm. In over one- 
fourth of the leads the waves were of the same height, while in ap- 
proximately one-half there was a diminution of 0.1 or 0.2 mm. The 
P-wave in one lead of four amplifier records ivas slightly higher than 
in the corresponding string galvanometer tracings. A large majority 
of the Q-waves were of the same amplitude in the two types of electro- 
cardiograms, although with wmves of rather large amplitude a diminu- 
tion in the amplifier records amounting to as much as 0.5 mm. Avas 
observed. In two leads of one record and in a single lead of three 
others the Q-wave in the amiilifier tracing was 0.1 or 0.2 mm. higher 
than in the string galvanometer curves. Pifferences in height of the 
R-waves ranging from zero to 3.7 mm. were observed, two-thirds of 
the amplifier leads showung diminutions of less than 1.1 mm. In only 
one lead of a single record wms the R-wave higher in the amplifier 
than in the string galvanometer tracing. The >S-waves of the amjAifier 
leeords showed a diminution in height ranging from zero to 2 mm., 
fiieie being no difference in over one-third of the leads and differences 
of 0.1 to 0.5 mm. in another one-third. In four tracings the S-wave of 
le anipliflei- records was higher in one lead than in the string gal- 
vanometer curves, the difference amounting to 0.3 to 1 mm. The T- 
vvave.s in the amplifier records showed diminished amplitude ranging 
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fiom ^ero to 1.1 mm. with nearly one-halt ol the tracings showing a 
difference ot zero or 0.1 mm. In one lead of two records, the T-wave 
of the amphfteijurve was 0.1 mm. higher than in the string galvanom- 
eter tracing. Throughout the measiireiiieiits of amplitude it was ob- 



Fig. 2. ^ String galvanonieter and amplifier electrocardiograms of a patient ■with 
increased amplitude. Note absence of overshooting of terminal part of the 
QRS comple.x and accurate duplication of notching of descending limb of the R-wave 
in Lead I. All -^s-aves of the amplifier record are of diminished amplitude, the differ- 
ence being most marked in the R-wave of Leads II and III. 



Pig. 3. — String galvanometer and amplifier electrocardiograms of low normal volt- 
age showing practically no difference in height of any wave in the two records. 


served that the differeiiee.s in tlie tivo types of records tended to he 
greater in waxes of iiigher voltage. Fig. 3 shows practically no differ- 
ence in height of any ivave in the two records of a patient with com- 
plexes of low normal voltage; while in Fig. 2, with waves of increased 
amplitude, the amplifier deflections are diminished. 
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CDNCIA-SIOXS 

The .strintr pfiilvimoinelri’ jmd inni)lirn>r-( ypp clccl rociirdiof^nvinis ol! 
twenty-five patients have been eninpaved. 

Tlie time relationships and llie liner details of all vaves were ae,- 
eiirntely reenrded by the am))lilier-tyj)e instrument. No diflicnlty Avas 
experieneed with ovei'shootinjr <d' tlx* base liin* of the standardization 
record or with overshoot ini' of the terminal part of the QRS detleetion. 

^Vith the exception of the Q-\vave the detleetions in the am])lifier 
records Avere usually of slifrhtly less amplitude than in the striufr 
jralvanometer Iraeiiiiis. In all waves the <!ifi'erene(* in aiuplitude tended 
to be irreater in eomi)!ex('s of hiirher Y<dfa}re. but only oeeasionaily did 
tlie differenee assume a jiraefieaily sii'uifieant mairnifude. Xo attempt 
Avas made to find a theoretical explanation for the differenees observed. 

Since the curves oblaincfl with the amplilier-type instrument Avere 
essentially the same as those ree(*r<led by the sfrinir fjraK'anonn'ter, 
except for the slijrht ditT<‘reue('s in am))liltub‘. flow may In* considered 
satisfactory. 
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VEGETATIVE ENDOCARDITIS DUE TO THE BRUCELLA 

MELITENSIS* 


With a Case Report 


Clarence E. de La Chapelle, :\I.D. 
New York, N. Y. 


INTRODUCTION 


V^^ITHIRT the past few years the medical literature of this country 

’ ’ has been reporting iuereasiug numbers of eases of unclulaut fever, 
more commonly designated as Malta fever. lIo^YeveY, due to the low 
mortality rate of the disease in the United States, practically none of 
the reports include necropsy findings. This is in distinct contrast to 
European reports, particularly those from the Mediterranean coun- 
tries, Avhere the malady is more prevalent and of greater virulence. 
Then, too, in most of the eases of undulant fever now being reported 
in this country, the causative agent is the Brucella melitensis, variety 
abortus, or even the Brucella abortus (Bang) itself. However, in the 
goat-raising districts of the southwestern part of the United States, 
Malta fever due to the true melitensis species is endemic. The first 
epidemic of the malady that has ever been recorded in the United 
States occurred in that section of the country in 1922.^ Most of the 
European eases are due to the Brucella melitensis, variety melitensis A, 
the organism found in the present case.- 

In Carpenter’s statistical report of 18 cases of undulant fever which 
occurred in New York State during the year ending June, 1927, 17 
showed evidence of Br. abortus infection, while the remaining case, 
which incidentally is the present one, showed the Br. mellitensis A.” 
Evans, in a recent review of 20 cases of undulant fever reported in the 
United States, gave the abortus variety as the causative organism in 
all 20 instances.’^ In 1918 the same observer pointed out the very close 
biological and serological relationship between these organisms; in 
fact, so intimately are they related that they cannot be distinguished 
by ordinary laboratory tests.'’’ A slight but definite distinction be- 
tween the two varieties may be detected by the agglutinin absorption 
test. 

After a survey of the literature, Ave Avere unable to find recorded any 
fatal cases, Avith necropsy findings, of subacute bacterial endocarditis 
due to tbe Br. melitensis, A’ariety melitensis A, in this country. In 
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HE EA ('ITAI’KLliK: 


1926 jMooi'o and (^u’pentor ropovled a fatal ease of subacute bacterial 
endocarditis due to the Hr. abortus froiii tlie H(>coud (Cornell) Medical 
Service of Hellevue Ilosiulal which at necropsy sliowed a vegetative 
endocarditis iniplanled on an old dc'fonned aortic valve.'’ llecently 
Scott and Saphir reported a case of Hr. nielitensis, variety abortus, 
bacteremia associated with oidocarditis. However, they stated that 
there was no proof in their case that the endocarditis was caused by 
the brucella infection.' They believed that their case was one of an 
acute and chronic endocarditis associated with Hr. nielitensis (abortus) 
bacteremia rather than one of endocarditis caused by the brucella 
itself. 

In view of these facts, it seems justifiable to jilace on record the 
following case which was observed clinically and which came to necropsy. 


IJBI’ORT OK CASK 


T. G., a white male .'iS vo.'ir.s old, horn in Italy, niul a hihorer hy oeeupatioii, 
was admitted to Rellevue Hospital, Third (Now Yoik Univorsity) Modieal Service, 
on Hocembev S, Itl'iG, compluinin^ of fever. 

Frevious histor }/. — Ilis f.nmily hi.story wn.s irrelev.nnt. 'J’lie patient served in the 
Italian army durinp; the World War, during which time he received typhoid inocu- 
lations. lie did not recall having had any childhood diseases. In I91G he had 
malaria. In .1917 swollen glands of the neck were removed. While in Italy in 
ilavch, 19'2(i, one mouth before be came to the United States, the patient drank 
gnat's milk. 


Fresent iUncxs . — In Jfay, 192(i, one month after arrival in this country, the 
patient was admitted to a hospital in New York City where a diagnosis of influenzal 
pneumonia was made. This diagnosis wa.s later changed to typhoid fever after a 
po.sitive Widal test was obtained. During bis stay in this hospital he bad a per- 
sistent temperature, an enlarged liver, a palpable sjflcen, and a .systolic murmur 
nas heard at the apex, lie left the ho.spital early in September, 1920, against the 
advice of the physicians and went to the country. After feeling well for about 
three week.s, the patient began to have daily attacks characterized by chills lasting 
about twenty minutes, fever of from one to five hours duration, which was accom- 
panied bv profuse perspiration, and severe headaches. Concomitantly with these 
s.Miiptoms he experienced a sharp, more or less continuous pain across the small of 
the hack which radiated around both upper quadrants of the abdomen. Somewhat 
atei the patient developed a similar pain in the left buttock, and the heel of the 
sft foot. Three weeks prior to admission to Bellevue Ho.spital, or about the middle 
of ISorember, the small toe of the right foot became very painful, and he noticed 
that it was turning black. 

^^‘yxical examination. — On admissioir the ]nvticnt appeared chronically ill and 
■ ecmed to have lost weight. He was slightly dyspneic but not orthojineic, and had 
(inxious expression on his face. His skin had a slight cafe an lait tint. The 
pupils reacted to light and accommodation. The conjunctivae wore slightly bluish, 
'c fundi oculi were normal. Many bad teeth were frrosent. Several petoehiae 
ins] ^*^*^'* under surface of the torrguc. There was readily visible a purpuric 

his ^'°'*^^ lower extremities, most marked above the ankles. The small toe of 
reddened, with some blackish discoloration, swollen, and extremely 
s )]•' touch. Petcchiac were present on the fourth toe, one being present as a 
Bo'd f'”^ I'o'uorrhage under the toenail. This toe was also extremely tender. 

’ oet wei’e slightly edematous. His fingers presented a definite clubbing. 
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llie veins of the neck were not dilated, but tlie carotid pulsations were sohid- 
uliat exaggerated. A purpuric rash was visible on the anterior aspect of the chest 
wall. Ko substernal tenderness was elicited. There was an area of dullness at the 
eft base with diminished fremitus, bronehovesicular breathing, increased voice 
sounds, and many moist rales. Infarction at the left lower lobe was considered. 
Ihe apical beat of the heart was visible in the fourth space 9.5 cm. to the left of 
the median line which was just outside the midelavicular line. The first sound 
was of poor muscular quality. The pulmonic second sound was accentuated. There 


nas jnesent a distant, musical, systolic murmur, heard with maximum intensity at 
the ajiex and transmitted to the left. Another sj’stolic miirmui’ was heard at the 
aortic area. The rhythm was regular. The rate was 96. The systolic blood pres- 
sure was 90 mm.; diastolic 60 mm. The temperature was 101 degrees F. The 
spleen was palpable two fingers beneath the costal margin, with a firm, hard edge 
but not tender. The liver was palpable 10.5 cm. below the xiphoid and tender. No 
ascites was present. 

Course . — During the patient’s stay of approximately three weeks in the hospital, 
his temperatuie was ii'iegular, not of the undulant type from which the disease 
received its name, and ranged from 99 to 104 degrees F. His pulse rate ranged 
between 80 and 120. Normal sinus rhythm prevailed throughout his illness. 

Several days after admission, a tender, purplish-ied sjmt was observed on tlie 
tip of the fourth finger of the light hand at the edge of the nail. This was in- 
terpreted as being an Osier’s node. A week later this had disappeared, as had 
also the one on the fourth toe of the right foot. Some eechymoses of the small toe 
of this foot were still visible, but the tenderness had disappeared. 

X-ray examination of the chest on Dec. 13, five days after admission, revealed 
congestion at the right liase adjacent to the heart, which organ was enlarged to 
right and left. On Dec. 29, three weeks after admission, the patient complained of 
pain in his right thigh anteriorly. Tenderness was not marked over this area, but 
the femoral pulse in this leg was scarcely palpable. Early in the morning of Dec. 
31 the patient suddenly cried out with pain in his groins. This subsided by four 
0 ’clock under the effect of morphia. At 5 a.m. he complained of severe pain in the 
lower abdomen. His skin became cold and clammy. Death took place one hour 
later. 

The clinical diagnosis was as follows: I. Malta fever (undulant fever); II 
cardiac disease; (a) bacterial, active, Br. melitensis A., (b) endocarditis, subacute, 
(c) regular sinus rhytlim, (d) class 3. 

Laboratory Data . — On admission the patient Iiad 3,930,000 red blood cells with 


48 per cent hemoglobin; the white blood cells numbered 3,350 with 69 per cent 
polymorphonuclear neutropliiles and 26 per cent lymphocytes. Twelve days later 
the count was 2,600,000 red cells with 55 per cent hemoglobin and 1,800 white cells 
with 66 per cent polymorphonuclears and 34 per cent lymphocytes. A few days 
before death the cell counts were about the same as the second one. The Wasser- 
mann was negative. The first urine examination revealed the following: dark amber, 
specific gravity 1016, acid reaction, one plus albumin, no glucose, many finely gran- 
ular casts, moderate amount of pus and epithelial cells. An anah'sis two weeks 
later gave a similar result; close scrutiny failed to reveal the presence of red blood 
cells. The Mosenthal test showed fixation in the higher dilutions. The red test 
was 20 per cent in the first hour and 25 per cent in the second. Vital capacity 
readings averaged 1500 e.c. on four occasions. Electrocardiographic tracings were 


normal. 

A blood culture taken the day following admission presented a growth of colonies 
four days later. The organism was identified as a very small gram-negative, non- 
motile, bacterium, so small that its outline could not be clearly defined. This same 
organism was obtained a week later after five days of incubation, but the colonics 
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were much less numerous. These cultures, as well as serum obtained during life, 
ivere forwarded to Dr. Charles hi. Carpenter of the Diagnostic Laboratoiy of the 
N Y. State Veterinary College to whom we are greatly indebted for his very care- 
ful ami detailed study. Dr. Carpenter reported the causative organism as being a 
true type of Brucella melitensis A. 

Necropsy Itopori . — The Imdy was that of an adult male, 165 cm. in length, of 
slender, well-developed frame, fairly good musculature and nutrition. The fingers 
were distinctly clubbed. 'I’he skin presented a tint distinctly comimrablc to that of 
cafe an lait. There were no petechial hemorrhages to be made out in the visible 
mucous membranes or in the skin, with the exception of the skin covering the 
under surface of the little toe of the right foot, where there were several brownish 
or reddish-brown, streak-like patches. In additioii, there was a single splinter 
hemorrhage beneath the nail of the little toe and of the toe immediately next to it. 



anterior aortic cusps are practically completely clesti-oyed and re- 
^ massive, friable vegetation. At about the center of the posterior cusp 
J De seen the remains of the small vegetation which broke off during necropsy. 


On section, the subcutaneous fat and muscle tissues were well preserved and 
b'o peiitoneum was smooth and glistening. The diaphragm was normally placed, 
le liver was distinctly enlarged, the lower edge reaching almost to the level of 
le umbilicus. The lower pole of the spleen projected beneath the costal slope on 
'e left side for a distance of about 2 cm. Beneath the peritoneum in the right 
nei portion of the abdomen rvas an enormous amount of bluish-red, appar- 
freshly clotted blood. The blood, on dissection, was found to occupy a space 
1 could just about be covered by a large hand, extending from the right side 
0 the lumbar spine outward and upward beneath the peritoneum to a point 
^most reaching the midline of the body anteriorly, and upward almost to the level 
of the border of the pancreas, and downward just to the level of the brim 

m pelvis. The clot, on removal, weighed approximately 450 grams. Examina- 



736 


THE AMERICAN HEART JOURNAL 


tioH of the psoas maguus muscle failed to reveal any point of rupture and on sec- 
tion the muscle was not infiltrated by hemorrhage. At the same time, caieful 
dissection of the mass, after removal, failed to show any sign of miliary aneurysm 
or any other anatomical cause for rupture. 


Chest.— No thymic remains were visible. Botli pleural cavities wore fairly ex- 
tensively obliterated by sheet-like adhesions which were broken down without great 
difficulty. The precordial area was large and the heart appeared to be floating. 
On opening the pericardium, fully 500 c.c. of perfectly clear straw-colored flurd 
escaped. The pericardium througliout was smooth and glistening. 

Reart . — The heart appeared to be about normal in size. It weighed d4o gm. 
Both auriculoventrieular openings were easily permeable, and the endocardium was 
excellently well preserved throughout, except for the two anterior aortic valves; 
these were practically completely destroyed and replaced by a solitary whitish or 
faintly cream-colored, granular mass of fused vegetations, irregular]}'' round in 
shape, rather soft and friable, and approximating the size of one’s thumb (Fig. 1). 



Pig. 2 — The two anterior aortic cusps are practically completely rtestroyod _ and re- 
placed bv a massive, friable vegetation. At about the center of the posterior cusp 
may be seen the remains of the small vegetation which broke off during the necrops} . 
(Part of heart shown in Fig. 1, showing details.) 


The mass .served apparently to completely block the aortic oiiflcc. The posteiioi 
aortic valve was distinctly thickened, wliite in color and glistening, and on the 
ventricular surface, at about its center, presented a pea-sized vegetation which was 
of the same general appearance as that already described. This vegetation, tuny- 
over, was loosely attached and fell away apparently of its own weight. The heart 
muscle was pinkish in color, opaque, but otherwise apparently well preserved. The 
aoita was excellently well preserved. 

Lungs.— The left lung, except for the adliesioms mentioned above, a moderalc 
amount of anthracosis, and some edema of the upper lobe, was apparently normal. 
The right lung was o.ssentially the same as the left. 

The .sjdeen wa.s massive, weighing 10:15 gm., and measured 2d x 14 x 5 
cm. It was bound to the under surface of the diaphragm and to the peritoneum 
externally bv fibroins adhesions which in places were string-bke, in other places 
sheet-likJ but all of tlicm were broken down without great difficulty. On removal, 
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tlm spleen presented n l>luish-rod uppeaniuec, and at the extreme ni^iVer pole were 
two wedge-shaped, crcam-colored bodies, whieli lay ap])arently flush with the sur- 
face, ^Yere firm in consistency and, on section, extended downward for a distance 
of about 2 cm., presenting a ])erfectly smooth, yellowish surface and a distinctly 
icdclish periphery. On the outer surface of the spleen, at about its center, was a 
somewhat rounded body which was about one centimeter in length on the surface, 
niul which, on section, presented essentially the same naked eye changes as the 
infarctions at the upper pole. The splenic substance was diffusely bluish-red in 
color, somewhat opaque, rather more friable than in ordimu’y circumstances, and 
presented, scattered over tlu' cut surface, moderate numbers of minute whitish 
specks, suggesting focal necroses or abscesses. 

Kidneys . — The left kidney measured 15 x 7 x d.5 cm. It was imbedded in a 
moderate amount of fat.. The organ was distinctly enlarged, as indicated by its 
measurements; it cut without difficulty. Tlie capsule stripped with ease and left 
behind an extensively and finely si)eckled surface. The speckling was due to the 
presence of numerous red j)oints, between which the kidney substance showed as 
cream-colored islands, with iiere and there a ])inpoint sized, sharply circumscribed, 
yellowish speck, corresponding apparently to miliary abscesses. The cortex bulged 
somewhat on section, and its nmrkiugs were irregular. Bcattered through the 
cortex wore innumerable ])ini)oint sized red .sjiecks and moderate numbers of whitish 
or yellowish points, corresponding again, apparently, to abscesses. The right 
kidney measured 12 x 7 x 2.5 cm. and presented essentially the same naked-eye 
appearance as its fellow on the ojrposite side. The kidneys together weighed 
530 gni. 

Liver . — The liver was enormous, measuring .‘!1 x 22 x S cm. and on removal 
weighed 2850 gm. Its surface was perfectly smooth, the capsule glistening. On 
section, the organ cut readily. The cut surface presented a irinkish background, 
scattered through rvhich were numerous dull red specks, giving the organ as a 
whole a somewhat nutmeg aj)poarance. Otherwise no focal lesions were visible in 
it. The substance was rather opaque, however, and a bit more friable than usual. 

Lymph nodes . — Scattered throughout the retroperitoneal fat were moderate num- 
bers of lymph nodes which varied in size from a few millimeters up to one centi- 
meter. They appeared s^Yollcn and edematous, and i)resented a lunkish, opaque 
appearance. Some of them were finely .speckled and occasionally one saw a minute 
white point, suggesting miliary abscesses. 

The other organs were apparently normal on naked eye examination. 

Anatomical Biagno.sis. — ], Ma.s.sivc vegetative and ulcerative endocarditis of the 
aoitic valves. 2. Massive septic splenomegaly with multiple anemic infarctions. 
0 . Subacute hemorrhagic nephritis. 4. Chronic parenchymatous degeneration of the 
lYei. 5. Massive subperitoneal hemorrhage in right half of abdomen of unknown 
oiigin. c. Subungual petechial hemorrhages in small toe and fourth too of right 
- (. Subcuticular hemorrhagic extrava.sations beneath the under surface of 

‘"c right small toe. 

Mic? o,5co2n'c Examination . — Sections of the myocardium taken from various parts 
mth ventricles, piesented slight lymphatic infiltration, consisting mainly of 
'ite siiiull round cells; no polymorphonuclear neutrophiles were seen. Moder- 
^e cloudy swelling and granular degeneration of the muscle fibers were also visible. 
^ section through the large vegetation involving the right anterior aortic cusp 
a more or less homogeneous mass of granular and hyalinized material, 
of "th^^ a ragged edge from which pieces had appaiently broken off. The base 
■vegetation was directly continuous with the remains of the cusp, at wdiich 

uit organization had taken place. Gram-'W'eigert stain revealed no organisms in 
massive vegetation. 
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The glomeruli of tue kidneys showed beginning atrophy and infrequent liyaliniza- 
tion Around some of them, ivitliin Bowman’s capsule, were infilti-ations of red 
blood cells and m many others infiltrations of small round cells around the cap- 
sules. A few presented moderately tiiickened Bowman’s capsules. The tubules 
presented marked cloudy swelling and granular degeneration of the epithelium. 
An extravasation of red blood cells was visible in many of them. The arterial 
vessels were sclerotic and engorged. 

Anthracosis and moderate congestion was seen in the lung sections. 

The liver sections showed a marked degeneration around the central veins with 
pigment deposits; scattered islands of fat globules and a diffuse round cell infil- 
tration were also visible. 

Sections of the spleeir presented marked congestion, scattered foci of necrosis, 
and a small area of anemic infarction. 


COMMENT 

The patient undoubtedly became infected in Italj’ by drinking goat’s 
milk shortly before coming to the United States. The onset of Ids 
symptoms occurred about one month after his arrival, at which time 
he was admitted to a hospital where a diagnosis of influenzal pneu- 
monia, -which later was changed to typhoid fever, -was made. In so 
far as both influenza and tj’phoid fever are two of a number of diseases 
■which closely simulate undulant (lilalta) fever, and because of the 
liistory of typhoid inoculations in the Italian army which might readily 
give a positive Widal reaction, the probability is that the fatal illness 
already manifested itself at that time. 

The duration of the malady in this instance was, therefore, of about 
nine months simulating the subacute course of Streptococcus viridans 
endocarditis. Embolic phenomena as manifested by the petechiae and 
Osier’s nodes, were obvious. The clubbing of the fingers, the enlarged 
spleen, and the cafe an lait tint of the skin completed the picture of a 
subacute bacterial endocarditis. Whether the endocardial lesion was 
the main seat of the disease might perhaps be questioned. However, it 
was the essential i^athological lesion and undoubtedly caused by the 
Brucella melitensis. 

The massive subperitoneal hemorrhage in the right half of the ab- 
domen remains unexplained. The possibility of an embolic or mycotic 
aneurysm of a small peritoneal blood vessel which ruptured might be 
entertained, particulai’ly in the presence of a large friable vegetation 
in the left side of the heart. 


.SUMMARY 

A ease of undulant (Malta) fever due to the Brucella melitensis, 
variety melitensis A, associated with a vegetative and ulcerative endo- 
carditis of the aortic valves, and which clinically presented the mani- 
festations of subacute bacterial (infective) endocarditis, is repoited. 

Note.— The ueciopsy was performed by Br. Douglas Symmers, Director of Lab- 
oratories, to whom gr/Uefnl .nckuowledgmcnt is made for the courtesies extended. 
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Perla, David, and Deutch, Max: The Intinial Lesion of the Aorta in Rheumatic 

Infections. Am. J. Path. 5: 45, 3929. 

Two instances of macroscopic involvement of the arota in recurrent rlieumatic 
fever are described. A striking feature is the presence in one of the cases of an 
acute fibrinous lesion of the intima. The characteristics of the lesion are AsehoiT 
bodies in tlie adventitia, perivascular infiltrations in the outer third of the media 
with destruction of elastic tissue and muscle elements, and recent and organized 
fibrinous plaques in the intima, the connective tissue cells comprising the vascular 
organization tissue having a eharaetcristie vertical orientation at the base of the 
intimal lesions. 

The authors believe that three groups of lesions may be distinguished in the 
aorta as the result of rheumatic fever. First, involvement of the adventitia tissues 
alone with perivascular infiltration and formation of Aschoff bodies. Second, in- 
volvement of the adventitia and the media. Third, involvement of all three layers 
of the arota in either an acute or chronic process. 


Taussig, Helen B.: A Case of Bundle-Branch Block Confirmed by Pathological 

Study. Bull. Johns Hopkins Hosp. 45: 40, 1929. 

A case is reported in which there was a long-standing chronic rheumatic infection 
with severe myocardial damage. The first definite evidence of left bundle-branch 

block occurred only a few days before death. 

The author has found in the literature reports of only eleven eases of complete 
bundle-branch block and one case of transient bundle-branch block that have heen 
followed up by careful pathological study. Histological examination of the heart 
after preservation in formalin in the present case showed extensive scarring of the 
left branch of the His bundle and a very slight actual break in the continuity of 
the bundle. The bundle-branch block probably developed as one of the late iiiam- 
festations of a long-standing cardiac disease. The pathological findings were m 
apparent accord with the clinical observations. 


Mclntoss, Kustin: The Deteimtaatlon of the OIm,latihg Blood yoH™' ■" 
by the Carbon Monoxide Method. .T. Clin. Investigation 7. - . , 

“W technic is described for the determination in infants of the circulating blood 
volume by the carbon monoxide method based on the successful use of this me o 
i: tests on adults. In comparison with the dye method, the carbon 
gave results which were more uniform and showed a fair conformitj 

,l,c ^ i„ Kg.) g (77 ± 13) 

„,a.v bo epoctea to givo 
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Lloyd, W. D. M.: Action of Calcium on the Isolated Human Fetal Heart, J. 

Phamacol. & Expcr. Tliciap. 36: 185, 192{). 

Tlie author has studied the action of calcium on two isolated human fetal hearts 
hi perfusion experiments. As a result of addition of calcium salts to the jierfusate, 
it was possible to show that there followed an increased strength of systole, a more 
regular rhythm, and better coordination between auricle and ventricle. At the end 
of one and one-half hours of perfusion all heart action finally ceased in systole of 
the ventricle. 


Moon, E. 0.; Some Observations on Diseases of the Myocardium. Brit. M. J., 

July 6, 1929, p. 1. 

In this broad discussion of diseases of the myocardium the author presents the 
conventional views held on this subject. He divides the common types of myocardial 
disease into those due to fatty infiltration, fatty degeneration, fibroid heart muscle 
changes, and coronary obstruction. He discusses the diagnoses of patients with 
latent myocardial disease as well as those cases showing cardiac insufficiency. He 
indicates in series several points in the establishment of such a diagnosis. Under 
treatment the effect of climate, diet, and exercise are discussed. 


McMillan, Thomas M., and Wolferth, Charles C.: An Untoward Effect of Barium 
Chloride in Producing Short Runs of Aberrant Ventricular Beats. ,j. Lab. & 
Clin. Med. 14: 839, 1929. 

A ease is reported in which during six years of observation the patient had 
four attacks of complete A-V heart-block lasting for varying lengths of time up to 
two months. During the third attack barium chloride may have been a factor 
in restoring the sinus rhythm and preventing the onset of complete block again for 
eight months. During the fourth attack of complete block which lasted four months 
and ended in death, barium chloride failed to increase the effective ventricular rate 
in doses of 20 mg. four times a day and for four days. This dosage of the drug 
brought on a marked extrasystolic disturbance with frequent short runs of rapid 
ventricular tachycardia. 

The disturbance is reported because the authors regard it as potentially serious 
and an untoward result of barium chloride and because the drug previously has been 
logaided as harmless in much larger doses than was required to bring about the 
disturbance in this case. 


Master, Arthur M., and Oppenheimer, Enid Tribe: Obesity. J. A. M. A. 92: 1652, 
1929. 


he authors have studied a series of 91 females and 8 males from an obesity 
b^inc. The patients varied in age from ten to fifty-eight years, the greatest number 
ofhe^ thirty-five and fifty. The great majority did not have any ailments 

ord^ Blood pressures and pulse rates were studied at each visit, and in 

cr to test the functional capacity of the circulatory system, a simple exercise 
<«’'^'-ance test was also used. •> . . 1 


f'lf have noted that the obese person usually complains of dyspnea, 

showed' dizziness, and headache. Sixty-seven per cent of the cases 

the ^ ^hypertension, and accelerated pulse rate was commonly present. In general, 
sviii'f'^^^ overweight the greater the hypertension. With loss of weight the 
oius tend to disappear, and there is a corresponding fall in blood pressure 
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and pulse rate. With advanemg years tl.e blood pressure of obese patients increases. 

ppaieiitly the longer the duration of the obese condition the higher the blood 
pressure. 

Under thirty-three years of age the obese are somewhat more efficient than tlie 
average, suggesting that a moderate overweight in the young is a slight advantage. 

The roentgenogram showed a sthenic or hypersthenic chest elevation of the dia- 
phiagm and an enlarged, widened heart with a liypertrophied ventricle and a hazv 
lower left border obscured by apical pericardial fat. With reduction in weight these 
characteristic signs disappear. 

The electrocardiogram showed in 87 per cent a left ventricular preponderance. 
There was also noted a change in the P- and T-waves of the third lead. Sinus 
arrhythmia was common in this group of eases, occurring almost as frequently as 
ventricular preponderance. 

The authors believe that it is clear from these studies that there exists in the 
obese person a distinct circulatory embarrassment, as proved by the abnormalities 
of the blood pressure, pulse rate, roentgenogram and electrocardiogram, and by the 
diminished capacity for work. It is not difficult to understand why the fat person 
is a poor surgical risk and why his mortalitj’ in pneumonia, nephritis, and heart 
disease is higher than the average. These factors give ample explanation for the 
distinct improvement commonly observed on reduction in weight in patients with 
valvular disease of the heart, hypertension, and coronary artery disease. 

Bachmann, Harrold A.: Clinical Types of Edema in the Heart Failure of Child- 
hood. Arch. Int. Med. 43: 795, 1929. 

The author distinguishes two types of edema in children with cardiac disease. 
The first type is the commonly recognized dependent type involving the dependent 
portions of the body almost exclusively. It appears more prominently in the lower 
extremities, about the sacrum, and occasionally in other portions of the body. With 
this type of edema there is usually found ascites, marked enlargement of the liver, 
and other evidence of cardiac failure. As a rule, tliese children not only suffer 
from their discomfort and cardiac embarrassment but are also acutely ill and fre- 
quently toxic. 

The second type of edema is generalized and corresponds to that seen in nephritis. 
It appears first in the face and later becomes equally prominent in all portions 
of the body. In degree it is never so overwhelming as that seen in nephrosis, but 
it has the same generalized distribution regardless of the position of the patient. 
Otherwise, the clinical picture is that of a patient with heart failure, though the 
heart failure is seldom so severe as that found in the previous type, nor is the patient 
ever so acutely ill. He appears more as a convalescent patient who has outlived 
an acute* infection and presents the usually associated pallor and poor nutrition. 

Eesponse to treatment has shown a certain specificity which is of clinical value. 
In the dependent type of edema digitalis is of value while the addition of the milder 
diuretics aids little in hastening reabsorption and elimination. In the generalized 
type of edema, theobromine sodiosalicylate acts almost as a specific and usually with- 
out the aid of digitalis. 

The tvpe of lesion of the heart seems to influence little the kind of edema pro- 
duced. It appears, however, that in the children whose history of heart failure is of 
recent date and whose hearts are, perhaps, still acutely infected, the edema asso- 
ciated with failure is more likely to be generalized. Dependent edema occurs almost 
exclusively in the patients with more chronic heart disease. 

The prognosis of the patient with generalized edema is good, at least as to the 
immediate future, while that of the patient with the dependent type of edema is 
relatively bad. 
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Herxheimer, H.: Study of Heart Size In Olympic Athletes. Klin. Wclinschr. 8; 

402, 1929. 

In an x-ray of the lio.'irt .size of Olympia ]):irticij>ator.s tlie antlior comes to 
the conclusion that the endurance sports, such as long distance running, bicycling, 
and sliiing, all c.ausc :i definite heart enlargement in proportion to the body weight 
of the individual. 


Danielopolu, D.: Control of an Attack of Angina Pectoris by Pressure Upon 

Carotid Sinus. Klin. Wehn.schr. 8: .")9(), 1929. 

Tho author cites .a c.ase in which ]>ressure upon the carotid sinus brought to an 
end an attack of angina jiectoris. lie believes that, angina pectoris is i)roci])itated 
by a pressor reilcx, originating from “ rellexogenic zones” in the heart, aorta, or 
carotid sinus ;ind ending over the symj)atlietie p.athway. By pressure upon the 
carotid sinus, it is jtossible that the same reflexogenic zone may originate a de- 
pressor reflex, ending over the jnirasympathetic pathway and thus bringing to an end 
the anginal attack. 


Wintemitz, M., and Selyc, H.; A Case of Sinus Bradycardia Due to Arterial 
Thrombosis. 'Wien. Arch. f. inn. Med. 16: U77, 1929. 

In a iiatient sixty-two years of age, with genenilized atherosclerosis and uremia, 
a terminal bradycardia (43-47 be.ats ])er minute) occurred. Serial sections of tho 
heart revealed an old obliterating thrombus in the artery su])plying the sino-auricular 
node. 


MacMahon, H. E., and Burkhardt, E. A.: Meningococcus Endocarditis. Am. .T. 

Path. 5: 197, 1929. 

A case of meningococcus endocarditis is reported with autopsy and baeteriologicnl 
findings. Tlio patient was a white woman, twenty-eight years old. The authors 
point out that it is important to remember that endocarditis ean be caused by the 
meningococcus without any meningeal involvement and that such oases have been 
diagnosed as acute rbeumatic fever with endocarditis or subacute bacterial endo- 
carditis. They point out that the vegetations on the valve are rather typical, being 
large, firm, localized, and fnngating with little tendeney to disebarge minute emboli. 
They believe that those organisms sliould be agglutinated and in some eases 
agglutinin absorption tests were performed in order properly to identify the 
meningococci. Tlic literature pertaining to tliis subject is reviewed. 


Hyland, C. M.: Meningococcus Endocarditis. ,T. A. U. A. 92: 1412, 1929. 

The meningococcus may be responsible for cxtrameuingcal lesions and that these 
esions need not necessarily be nssoeinted with infection of the meninges has been 
noMn for some ycar.s. The ;iuthor reports the case of a man, aged forty-six, ad- 
The*^ hospital with shortness of breath, excessive perspiration, and cougli. 

e was fever, signs of heart disease, Icueoeytosis, and positive blood cultures 
siouing meningococci. The patient died twelve hours after admission. Vegetations 
ere found on the aortic valve at autopsy. 


HoW, Harry, and DeGratf, Arthur C.: Studies on Digitalis in Ambulatory Cardiac 
a^tients. J. a,. M. a. 92: 1421, 1929. 

he ii study of patients that the therapeutic effects of digitalis may 

Pati" many cases by the daily repetition of sucli doses of the drug as the 

may eliminate daily after having been fully digitalized. 
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Tliere has been included in this study also a note as to tlie behavior of digitalis 
111 children as compared with adults. The authors l.ave noted that the drug is less 
often seen to produce striking improvement in children because the type of heart 
failure relieved most effectively by digitalis is relatively common in heart disease 
among adults but relatively rare in children. In those cases in which less definite 
theraiieutic effects are obtained, insufficient or excessive digitalization is more apt 
to occur because of the absence of a satisfactory guide to the intensity of digitalis 
action. 

Cahan, Jacob M.: The Incidence of Heart Disease in School Children: J. A. M. A. 

92: 1576, 1929. 

This report is based on the examination of 10,333 pupils in seven clemeiitary 
schools, two junior high schools, and one senior high school for boys of Philadelphia. 
The purpose of the survey was to investigate the incidence, the morbidity, and the 
prophylaxis of organic heart disease in the children of these public schools. The 
total enrollment in the school was 11,578. Nine hundred and forty-three children 
who showed definite or suspicious signs of organic lieart disease were ree.xamincd. 
At this time the child’s cardiac histoiy was obtained. Fifty-eight were studied in 
the hospital or cardiac clinic. The number of patients with heart disease was 94, 
or 0.91 per cent; of this number 51 were boys, 43, girls. 

The younger children had a slightly lower incidence of heart disease than the 
older pupils. Valvular disease, mitral stenosis, was the most frequent lesion found. 
This anatomic diagnosis was made in 53 of the 94 children with heart disease. 
Fourteen of these 53 showed signs of mitral stenosis and mitral insufficiency. 

Consideration was given to three additional factors bearing on the prevalence 
of heart disease in school children; namely, (1) children with grave heart lesions 
unable to attend school; (2) children with crippled hearts attending special classes, 
and (3) children with definite or suspicious heart lesions that arc being overlooked 
because of the inadequate routine examination of the clothed chest. 

Eentschler, Edwin B., Vanzant, Francis E., and Eowntree, Leonard G.: Arthritic 

Pain in Eelation to Changes in Weather. J. A. M. A. 92: 1995, 1929. 

This study was undertaken not to prove the relationship of arthritic pain to 
weather change but to determine whether or not such a relationship actually exists. 
In a group of 367 patients studied for a year, there was a positive relationship for 
72 per cent of the time between the curve of pain and that of barometric pressure. 
For 21 per cent of the time the relation was equally definite, but as one line went 
up the other went down. In only 7 per cent of the time was a relationship un- 
demonstrable. 

For more than 90 per cent of the time there was a relation between the presence 
of storms and an increase of pain. Observations on humidity, temperature, and 
atmospheric electricity were inconclusive, although it is still possible that these 
agents working together have some effect. 

The authors believe that many of the patients with arthritis can, with the in- 
crease of the severity of their pain, sense the approach or presence of storms. While 
this study has been confined to a group of patients with chronic arthritis, it is 
of importance in the study of climatic conditions in their relationship to rheumatism 
in general. 

Yater, Wallace M.: Pathologic Changes in Auricular Fibrillation and in Allied 

Arrhythmias. Arch. Int. hied., 43: SOS, 1929. 

A series of 140 cases of auricular fibrillation, 7 cases of auricular fiutter, and - 
cases of paro.xysmal tachycardia— all with necropsies— were studied from the stand- 
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point of etiology and patliology. All the usual types of lieart disease were found, 
but cases of endocarditis and liypertliyroid states were the most numerous. Hyper- 
tension was found to be a common comlitiou, but tbe occurrence of auricular fibrilla- 
tion in other types of heart disease was uncommon. Jn about 8 per cent of the 
cases of auricular fibrillation, there was a combination of possible etiological factors 
and in about 9 ])er cent an etiological factor could not be suggested. 


Twenty-nine 

niicroscopically. 


hearts which had been the scat of these arrhythmias were studied 
A distinctive lesion for the arrhythmia was not found and the 


lesions were not considered in themselves of sufficient inijiortancc to account foi the 
arrhythmia. There apparently is not, therefore, a specific histological syndrome in 
auricular librillatioii and probably none in auricular flutter and paroxysmal tachy- 
cardia. 


Eosenbluth, E., and Winterberg, H.: Blocking in a Case of Paroxysmal Supra- 
ventricular Extrasystoles. 'Wien. Arch. f. iun. Aled. 16: 333, 1929. 

In a case of paro.xysmal attacks of extrasystoles of sujiraventricular origin, the 
authors believe in accordance with Kaufiminn’s par.asystolic theory, that the e.xtra- 
systolcs are due to the rhythmic activity of a center :idjoining the sino-auricular 
node. Under ordinary conditions, the sinus exerts a blocking influence over this 
secondary center but when the excitabilitj’ of the ectoj)ie center becomes high enough, 
the extrasystolic mechanism comes into jilay. A case is reported with electro- 
cardiographic findings. 

Scherf, D., and Zdansky, E.: Influence of Atropine, Adrenalin and Amyl Nitrite 
on the Size of the Heart. ‘Wien. Arch. f. inn. i\led. 16: 399, 1929. 

The authors make use of a device called a roentgenkymograph to study the right 
and left heart borders in systole and diastole. This a])paratus consists of an x-ray 
film which slides on two lead plates leaving slits which ;ire placed over the heart 
borders after fluoroscopy. 

By means of tracings thus made, they were able to determine that atropine, 
adrenalin, and amyl nitrite all caused a diminution in the systolic and diastolic 
diameters, the diminution being in proportion to the increase in pulse rate. The 
diminution of the heart size with adrenalin is o.xplained by a predominating 
inotropic action which exceeds the tendency of the increased blood pressure to cause 
cardiac dilatation. 


Eedisch, W., and Eosler, H.: Studies of Capillaries in Congenital Heart Disease. 

Wien. Arch. f. inn. Med. 16: 46.3, 1929. 

The authors believe that the cyanosis in congenital heart disease is due, not only 
to the polycythemia and abnormally large amount of reduced hemoglobin but also to 
the peculiar capillary structure, consi.sting of numerous arched and winding loops 
with wide venous limbs. 'The sluggishness of the capillary stream is a marked 
feature. 


Hurwitz, Samuel H., and Levitin, Joseph: The Value of Phenylhydrazine in 
the Treatment of Polycythemia Vera. Am. J. ]\r. Sc. 177: 309, 1929. 

The purpose of this report is to record the clinical course of the patient 
with polycythemia vera treated with phenylhydrazine and to emphasize the 
value and dangers of this drug as Avcll as the importance of certain criteria for 
the control of its dosage. 
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The patient was a woman 42 years old and under observation for two years. 
Splenomegaly was very slight if present at all. Hematuria was present and 
had caused her to be treated for Bright’s disease. There was a transient palsy 
of the right arm. This may have been caused by a vascular lesion of the brain 
due to the formation of a small thrombosis. These patients show a great ten- 
dency to venous thrombosis. 

Phenylhydrazine hydrochloride produced definite clinical improvement in the 
patient. The authors concluded that the drug is worthy of being given a trial 
if the dangers of its use be kept in mind. Guided by frequent counts of the 
red and white blood corpuscles and by estimations of the serum bilirubin, one 
maj^ give phenylhydrazine without danger to the patient. It is wise to stop 
its administration before the red blood count reaches a normal level because its 
action continues after its withdrawal. The hemolytic crisis observed in these 
patients may be avoided if additional safeguards be used. Because of the great 
difference in the response of patients to varj'ing amounts of the drug, quantita- 
tive determinations of the serum bilirubin and frequent leucocyte counts should 
be made. A marked rise in the amount of serum bilirubin means c.vccssivc blood 
destruction, whereas a rising leucocyte count probably indicates great destruc- 
tion of liver cells. 

Finally, it may be stated that the use of phenylhydrazine is no exception to 
the general observation that the various measures used in the treatment of 
polycythemia vera arc transitory and that the effect produced is purely palliative. 
General e.xperience seems to show that no matter what therapeutic measure 
is adopted there is a tendency for the red blood cell count to rise and for the 
subjective symptoms to return. 
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